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IN THE UNITED STATES DISTRICT COURT

FOR THE SOUTHERN DISTRICT OF CALIFORNIA

KFX MEDICAL CORPORATION, a
Delaware corporation,

Plaintiff,
V.

ARTHREX, INCORPORATED, a Delaware
corporation.

Defendant.
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Case No. "11CV1698 DMS BLM

COMPLAINT FOR PATENT
INFRINGEMENT

JURY DEMANDED
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Plaintiff KFx Medical Corporation, (“KFx Medical” or “Plaintiff”’) hereby complains
of Defendant Arthex, Incorporated (“Defendant” or “Arthrex”) and alleges as follows:

I. JURISDICTION AND VENUE

1. This Court has original subject matter jurisdiction over the claims in this
action pursuant to 28 U.S.C. §§ 1331 and 1338.

2. Defendant is subject to personal jurisdiction in this Court. In particular, this
Court has personal jurisdiction over Defendant because Defendant has a continuous,
systematic, and substantial presence within this judicial district, including substantial
marketing and sale of products in this judicial district. Further, this Court has personal
jurisdiction over Defendant in this case because Defendant has committed the acts giving rise
to KFx Medical’s claim for patent infringement within and directed to this judicial district.

3. Venue is proper in this judicial district under 28 U.S.C. § 1391(b) and (c¢) and
28 U.S.C. § 1400(b).

II. THE PARTIES

4. Plaintiff KFx Medical is a corporation organized and existing under the laws
of the State of Delaware, having its principal place of business at 5845 Avenida Encinas,
Carlsbad, California 92008.

5. KFx Medical is informed and believes, and thereon alleges, that Defendant is a
corporation organized and existing under the laws of the State of Delaware, having its
principal place of business at 1370 Creekside Blvd., Naples, Florida 34108.

III. GENERAL ALLEGATIONS

6. On September 8, 2009, the United States Patent and Trademark Office duly
and lawfully issued United States Patent No. 7,585,311 (“the ‘311 patent”), entitled
“SYSTEM AND METHOD FOR ATTACHING SOFT TISSUE TO BONE.”

7. The ‘311 patent names Michael L. Green, Dr. Joseph C. Tauro, and Bart
Bojanowski as inventors.

8. KFx Medical is the owner by assignment of all right, title, and interest in the

‘311 patent. A true and correct copy of the ‘311 patent is attached hereto as Exhibit 1.
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9. The ‘311 patent claims, infer alia, a novel method of attaching soft tissue to
bone. The method can be used, for example, in repairing a torn rotator cuff, and more
specifically for performing a knotless double row rotator cuff repair.

IV. FIRST CLAIM FOR RELIEF

(Induced Patent Infringement of U.S. Patent No. 7,585,311)
(35 U.S.C. § 271(b))

10.  KFx Medical repeats and re-alleges the allegations of paragraphs 1-9 of this
Complaint as if set forth fully herein.

1. Defendant has actual knowledge of the ‘311 patent because, among other
things, KFx Medical has previously brought the patent to its attention.

12.  Defendant has knowingly and actively induced infringement of the ‘311 patent
by, inter alia, marketing and selling systems and devices used to attach soft tissue to bone,
including for performing rotator cuff repairs, knowing and intending that that such systems
and devices be used by Defendants’ customers and users in a manner that infringes the ‘311
patent. To that end, Defendant provides instructions and teachings to its customers and users
that such systems and devices be used in the manner claimed in the ‘311 patent. As a result,
Defendant’s systems and devices have been used by its customers and users in a manner that
directly infringes the ‘311 patent.

13.  Defendant’s infringement of the ‘311 patent includes its marketing, sale and
promotion of the systems and devices for performing what Defendant markets as the
SutureBridge™ Double Row Rotator Cuff Repair surgical technique, the SpeedBridge™
Knotless Double Row Footprint Reconstruction surgical technique, and the SutureBridge™
and SpeedBridge™ double row Achilles tendon repair.

14. Defendant’s teachings and instructions for these surgical techniques and the
use of Defendant’s systems and devices for the repair of a rotator cuff teach and instruct
surgeons to insert a medial anchor into bone, to pass a suture from the medial anchor over the
rotator cuff, to insert a lateral anchor positioned beyond the edge of the rotator cuff, to tension

the suture, and secure the suture to the lateral anchor without tying a knot. A true and correct
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copy of one of Defendant’s surgical technique marketing instructions is attached hereto as
Exhibit 2. Defendant similarly teaches and instructs surgeons to use Defendant’s systems and
devices for the repair of the Achilles tendon.

15.  Defendant has committed acts of induced infringement within this district,
including by its marketing, sale and promotion of the systems and devices for performing the
infringing SutureBridge™ and SpeedBridge™ surgical techniques at the 2011 Open Meeting
of the American Shoulder and Elbow Surgeons held in San Diego in February 2011 and at the
28th Annual Meeting of the San Diego Shoulder Institute that took place in San Diego, CA
June 22-25,2011.

16.  Defendant’s acts of induced infringement were undertaken without permission
or license from KFx Medical.

17.  Defendant had knowledge of the ‘311 patent, and its actions constitute willful
infringement of the ‘311 patent, entitling KFx Medical to enhanced damages under 35 U.S.C.
§ 284 and attorneys’ fees and costs under 35 U.S.C. § 285.

18. KFx Medical is informed and believes, and thereon alleges, that Defendant has
derived and received, and will continue to derive and receive, gains, profits and advantages
from the aforesaid acts of infringement in an amount that is not presently known to KFx
Medical. By reason of the aforesaid infringing acts, KFx Medical has been damaged and is
entitled to monetary relief in an amount to be determined at trial.

19.  Due to the aforesaid infringing acts, KFx Medical has suffered and continues
to suffer great and irreparable injury, for which it has no adequate remedy at law.

V. SECOND CLAIM FOR RELIEF

(Contributory Patent Infringement of U.S. Patent No. 7,585,311)
(35 U.S.C. § 271(c))
20.  KFx Medical repeats and re-alleges the allegations of paragraphs 1-19 of this
Complaint as if set forth fully herein.
21. Defendant has contributed to infringement of the ‘311 patent by, inter alia,

marketing and selling kits used to attach soft tissue to bone, including for performing rotator
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cuff and Achilles tendon repairs. By way of example, these surgical kits include the
SpeedBridge™ Kit, and the SutureBridge™ and SpeedBridge™ Convenience Packs.

22.  Defendant’s acts constitute contributory infringement of the ‘311 patent in
violation of 35 U.S.C. § 271(c) because, among other things, Defendant has offered to sell
and sold within the United States surgical kits, including at least the SpeedBridge™ and
SutureBridge™ kits, which are not staple articles or commodities of commerce suitable for
substantial non-infringing use, and are known by Defendant to be especially made or
especially adapted for use in an infringement of the ‘311 patent. As a result, Defendant’s

surgical kits have been used by its customers and users in a manner that directly infringes the

‘311 patent.

23.  Defendant continues to engage in acts of contributory infringement of the ‘311
patent.

24.  Defendant’s acts of contributory infringement were undertaken without

permission or license from KFx Medical.

25.  Defendant had knowledge of the ‘311 patent, and its actions constitute willful
infringement of the ‘311 patent, entitling KFx Medical to enhanced damages under 35 U.S.C.
§ 284 and attorneys’ fees and costs under 35 U.S.C. § 285.

26. KFx Medical is informed and believes, and thereon alleges, that Defendant has
derived and received, and will continue to derive and receive, gains, profits and advantages
from the aforesaid acts of infringement in an amount that is not presently known to KFx
Medical. By reason of the aforesaid infringing acts, KFx Medical has been damaged and is
entitled to monetary relief in an amount to be determined at trial.

27.  Due to the aforesaid infringing acts, KFx Medical has suffered and continues
to suffer great and irreparable injury, for which it has no adequate remedy at law.
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PRAYER FOR RELIEF

WHEREFORE, Plaintiff KFx Medical prays for judgment in its favor against

Defendant for the following relief:

A. An Order adjudging Defendant to have willfully infringed the ‘311 patent
under 35 U.S.C. §§ 271(b) and (¢);

B. A preliminary and permanent injunction enjoining Defendant, its officers,
directors, agents, servants, employees and attorneys, and those persons in active concert or
participation with Defendant, from directly or indirectly infringing the ‘311 patent in
violation of 35 U.S.C. § 271;

C. An award of damages adequate to compensate KFx Medical for Defendant’s
infringement;

D. An Order for a trebling of damages and/or exemplary damages because of
Defendant’s willful infringement pursuant to 35 U.S.C. § 284;

E. An Order adjudging that this is an exceptional case;

F. An award to KFx Medical of the attorneys’ fees and costs incurred by it in
connection with this action pursuant to 35 U.S.C. § 285;

G. An award of pre-judgment and post-judgment interest and costs of this action;
and

H. Such other and further relief as this Court may deem just and proper.

Respectfully submitted,
KNOBBE, MARTENS, OLSON & BEAR, LLP
Dated:_August 1, 2011 By:_s/Phillip A. Bennett

Joseph F. Jennings
Phillip A. Bennett
Ian Jaquette

Attorneys for Plaintiff
KFx Medical Corporation
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DEMAND FOR TRIAL BY JURY

KFx Medical Corporation hereby demands a trial by jury on all issues so triable.

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated:_August 1, 2011 By:_s/ Phillip A. Bennett
Joseph F. Jennings
Phillip A. Bennett
Ian Jaquette

Attorneys for Plaintiff
KFx Medical Corporation

11631728
072811
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SYSTEM AND METHOD FOR ATTACHING
SOFT TISSUE TO BONE

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation Nos. 60/576,477, filed on Jun. 2, 2004; 60/610.924,
filed on Sep. 17, 2004; and 60/634,174, filed on Dec. 7. 2004:
all of which are incorporated herein by reference in their
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to medical devices and pro-
cedures. More particularly, the present invention relates to
devices and methods for securing soft tissue to a rigid mate-
rial such as bone.

2. Description of the Related Art

There are several medical procedures where a surgeon
needs to attach soft tissue such as tendons or other soft con-
nective tissue to bone. One common example is a torn rotator
cuff, where the supraspinatus tendon has separated from the
humerus causing pain and loss of ability to elevate and exter-
nally rotate the arm. To repair a torn rotator cuff, typically a
surgical procedure is used to suture the torn tendon to the
bone using a variety of methods. Some procedures utilize
large incisions and involve complete detachment of the del-
toid muscle from the acromion. Small diameter holes are
made in the bone for passing suture material through the bone
to secure the tendon. Such large incision procedures are trau-
matic, causing prolonged pain and recovery time. Other pro-
cedures make small incisions and use arthroscopic techniques
to attach sutures using either small diameter holes or a bone
anchor. However. it is difficult to manipulate sutures within
the surgical site using arthroscopic techniques. In addition.
when knot tying is used to secure the suture to a bone anchor.
it 1s difficult to properly adjust the tension of the suture while
tightening the knot. Similarly, when the suture is attached to
a bone anchor prior to insertion of the anchor into the bone, it
is difficult to judge the appropriate point of attachment so that
the suture will be properly tensioned upon insertion of the
bone anchor into the bone. Thus, there is a need for methods
and devices that allow easy arthroscopic attachment of a
suture to a bone anchor after the anchor is inserted into the
bone without the use of knot tying.

SUMMARY OF THE INVENTION

The present invention is particularly suited for use in
arthroscopic procedures, including but not limited to rotator
cuff surgery. More broadly, it can be used in any procedure in
which it is desired to fix a suture to a solid object without tying
ofknots, including not only arthroscopic procedures, but also
open surgery, and can be used for such diverse purposes as
bladder neck suspension, tendon and ligament affixation or
repair, prosthetic attachment, and rotator cuff repair.

In one embodiment, the invention includes an anchor for
securing a suture o bone, including an anchor base adapted to
be securely fixed into the bone and a suture securing mecha-
nism coupled to the anchor base and positioned proximally
relative to the anchor base, the mechanism adapted to receive
and secure a suture moved laterally into the

In another embodiment. the invention includes an anchor
for securing a suture to bone, including an anchor base
adapted to be securely fixed into the bone, a first surface
coupled to the anchor base and positioned proximally relative
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to the anchor base, and a second surface coupled to the anchor
base and positioned proximally relative to the anchor base,
wherein the first and second surfaces are adapted to be rela-
tively positioned in at least two configurations, one of the
configurations such that a gap is present between the first and
second surfaces so that the suture can be positioned between
the first and second surfaces by moving the suture laterally
into the gap, and the other of the configurations such that the
first and second surfaces are in close proximity so that the
suture can be securely clamped between the first and second
surfaces.

In another embodiment, the invention includes a method of
attaching soft tissue to bone, including passing a length of
suture over the soft tissue, inserting an anchor into the bone,
and securing the length of suture to the anchor after the
inserting without passing an end of the length of suture
through any aperture in the anchor and without tying any
knots.

Inanother embodiment. the invention includes a method of
attaching sofi tissue to bone, including inserting a first anchor
through the soft tissue, wherein the first anchor comprises a
length of suture fixedly secured to the first anchor prior to
insertion, inserting the first anchor into the bone, passing the
length of suture over the soft tissue, and fixedly securing, after
the passing, the length of suture to a second anchor.

In another embodiment, the invention includes a method of
attaching soft tissue to bone, the soft tissue comprising a first
surface adjacent to the bone’s surface and a second surface
opposite the first surface, the method including inserting a
first portion of a length of suture into the second surface ofthe
soft tissue, passing a second portion of the length of suture
over the second surface of the sofi tissue, inserting a first
anchor with no suture coupled thereto into the bone, and
fixedly securing the length of suture to the inserted first
anchor, with the proviso that no part of the first portion of the
length of suture is passed out of the second surface of the soft
tissue.

In another embodiment, the invention includes a method of
attaching sofi tissue to bone, including inserting a first anchor
with a length of suture pre-coupled thereto through the soft
tissue, inserting the first anchor into the bone, inserting a
second anchor with no suture coupled thereto into bone,
passing the length of suture over the sofi tissue. and fixedly
securing the length of suture to the inserted second anchor.

In another embodiment, the invention includes a method of
attaching soft tissue to bone, the method including inserting a
first, second, and third anchor into the bone, fixedly securing
a first length of suture over the soft tissue to the first and
second anchors, and fixedly securing a second length of
suture over the soft tissue to the first and third anchors.

In another embodiment, the invention includes an anchor
for securing a suture to bone, the anchor including an anchor
base adapted to be securely fixed into the bone, the anchor
base comprising a first proximal surface and an anchor top,
the anchor top comprising a distal member coupled to the
anchor base and a first proximal member comprising a first
distal surface, wherein the anchor top is adapted to couple to
the anchor base in at least two configurations, one of the
configurations such that the first distal surface is above the
bone’s surface when the anchor base is securely fixed into the
bone, such that a suture can be freely passed between the first
proximal and first distal surfaces above the bone’s surface,
and the other of the configurations such that the first distal
surface is in close proximity to the first proximal surface, such
that a suture can be securely clamped between the first proxi-
mal and first distal surfaces.
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In another embodiment, the invention includes an anchor
for securing a suture to bone, the anchor including a substan-
tially hollow cylinder comprising an open end and compris-
ing a portion of'its walls cut in such a manner so as to allow the
cylinder to deform under stress and form lateral protrusions.
a substantially pointed tip coupled to the cylinder opposite the
open end., wherein the pointed tip is adapted to pierce the
bone, and a suture receiver coupled to the pointed tip and
positioned within the substantially hollow cylinder so that a
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anchor 20 is positioned in a medial location underneath the
soft tissue 12 and a second anchor 22 is positioned lateral to
the soft tissue 12. The suture 10 is attached to both anchors.

In one embodiment, the suture 10 is attached to the lateral
bone anchor 22 only afier the medial bone anchor 20 is
inserted and the suture 10 is passed over the soft tissue 12. In
one embodiment, the suture 10 is attached to the medial bone
anchor 20 prior to insertion of the medial bone anchor 20.
Thus, in this embodiment, the surgeon does not need to pass

suture may be attached to the suture receiver and extend 10 the suture through the soft tissue 12 from beneath the soft
through the cylinder and out of the open end. tissue 12. In one embodiment, the procedure involves insert-
ing the medial bone anchor 20 with suture 10 pre-attached

BRIEF DESCRIPTION OF THE DRAWINGS through the soft tissue 12. The medial bone anchor 20 may

then be moved laterally relative to the bone 16 in order to pull

FIG. 1 depicts attaching soft tissue to bone using a single 15 the soft tissue 12 laterally relative to the bone 16. After appro-
bone anchor and a stitch. priate positioning of the soft tissue 12, the medial bone anchor

FIG. 2 depicts attaching soft tissue to bone using a two 20 may then be inserted into the bone 16. The lateral bone
bone anchors with a suture stretched there between. anchor 22 may then be inserted into the bone 16. The suture

FIGS. 3A-3C depict various geometries of bone anchors 12 may then be passed over the soft tissue 12 and attached to
and suture patterns for attaching soft tissue to bone. 20 the lateral bone anchor 22. In some embodiments, a lateral

FIGS. 4A-4D depicts the base of a two-part suture anchor  bone anchor 22 is provided to which suture 12 can be attached
that can be inserted into bone. without tying any knots or without passing the suture 12

FIGS. SA-5C depicts the top of a two-part suture anchor. through any aperture in the lateral bone anchor 22.

FIGS. 6A and 6B depict the suture anchor top of FIGS. In some embodiments, multiple anchors and multiple
SA-5C inserted into the suture anchor bottom of FIGS. 25 gypyre lengths may used to provide a wider area of pressure of
4A-4D. . ) the soft tissue against bone. For example, as depicted in FIG.

FIGS. 7A and 7B depict a suture anchor inserter. 3 A, three anchors are used with two lengths of suture 26 and

FIG. 8 depicts components on a suture anchor inserter for 28. Alternatively. a mesh structure 29 may be stretched
attaching to bone and manipulating a suture anchor. between the three anchors. In another example, as depicted in

FIGS. 9A-9E depicts manipulation of a suture anchorusing 30 p1G. 3B. four anchors are used with two lengths of suture. In
a suture anchor inserter to insert the suture anchor into bone still another example, as depicted in FIG. 3C. four anchors are
and attach suture material to the suture anchor. ) used with four lengths of suture. In some embodiments, the

FIGS. 10A and 10B depict a piercing bone anchor in an individual suture lengths may be part of a larger continuous
un-deployed (FIG. 10A) and deployed (FIG. 10B) state. suture. For example, in FIG. 3A, the suture lengths 26 and 28

FIG. 11 dep!cts apIcreing !Jone anc.hm.‘ up. .. 35 may be part of a larger length of suture such that the lengths

FIG. 12 depicts an anchor inserter for inserting a piercing 26 and 28 are joined at medial bone anchor 20. Those of skill
bone anchor. A o in the art will appreciate that there are any number of anchor

FIG. 13 depicts the interface between a piercing bone and suture geometries that can be used.
anchor and’an anchormse’rter‘ s , In some embodiments, the medial bone anchors 20 are

FIG 14is a CHE-AWRY vicw. 0 I, a bone anchlor m:fcnen 40 designed so that they can be easily pierced through the soft

FIG. _15 depicts a safety switch mechanism for a bone tissue 12 and bone 16. In some embodiments, the lateral bone
anchor inserter. anchors 22 are designed so that they can easily capture suture

FIGS. 16A-16F depicta method forattaching sofi-tissueto  aterjal after insertion of the bone anchors 22. Together,
bone using a piercing bone anchor and a suture capturing  (hese design features provide a suturing system and method
anchor. 45 that provides an increased footprint of suture pressure against

— = — —— == the soft tissue 12 and ease of implementation for a surgeon.
DETAILED D[":gCRIP I ION‘ O]: THE CERTAIN Forexample, in some embodiments, the entire procedure may
EMBODIMENTS be done arthroscopically, with the surgeon needing only to

; ] : insert the medial bone anchor 20 with suture optionally pre-

In various embodiments, soft tissue may be attached to 50 giached through a first port, insert the lateral anchor 22
bone utilizing one or more bone anchors with suture attached through a second port, pass the suture over the soft tissue 12
thereto. As used herein, “suture”™ refers to any flexible struc- by capturing it from within the second port, and securing the
ture that can be stretched between two or more anchors and suture to the lateral anchor 22. Accordingly. described below
includes, without limitation, traditional suture material, are certain embodiments of anchors adapted to capture suture
single or multiple stranded threads, or a mesh structure. In 55 001 and anchors adapted to easily pierce through soft
some embodiments, suture is passed over the top of the soft tissue and bone.
tissue so that the suture can press the soft tissue against the
bone. In one embodiment, a length of suture is attached toa ~ Suture Capturing Anchor
single bone anchor. One non-limiting example, depicted in One embodiment is a bone anchor that allows easy captur-
FIG. 1, includes stitching the suture 10 to the soft tissue 12, 60 ing and securing of a suture afier the bone anchor is inserted
such as by an incline mattress stitch, and then securing the into the bone. In one embodiment, the bone anchor includes a
suture 10 to the single bone anchor 14 that is inserted into the suture securing mechanism positioned on the proximal end of
bone 16. However, in other embodiments. a length of suture is the bone anchor (i.e.. the end nearest the surface of the bone
attached to multiple bone anchors. The use of multiple bone and the surgeon). In one embodiment. the suture securing
anchors increases the footprint over which the suture material 65 mechanism allows a suture to be moved laterally into the
presses the soft tissue against bone. One non-limiting mechanism. By “laterally.” it is meant that the suture can be
example, depicted in FIG. 2, includes two bone anchors. One moved into the mechanism by moving the suture in a direc-
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tion that is generally perpendicular to the axis of the suture. In
other words, the suture can be moved into the mechanism
without threading an end of the suture into the mechanism. In
one embodiment, the suture can be fixedly secured within the
mechanism without tying any knots. By “fixedly secured.” it
is meant that the suture within the securing mechanism can-
not be easily moved relative to the bone anchor.

One embodiment is a bone anchor that allows easy attach-
ment of suture material by clamping the suture material
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of hex nut structure 106, and that this structure can be
indented into or extending out from the top of the anchor base
100. or can alternatively be formed on the sides of the anchor
base 100.

With reference to FIG. 4B, which is a perspective view of
the top and side of anchor base 100, the top (proximal end)
comprises a hole 108 in the center for receiving the anchor
top. which is described below. The top of anchor base 100 also
contains a suture gripping structure such as a circular groove

between two surfaces on the bone anchor. The bone anchor 10 110 that may be concentric with hole 108. Because of groove
may be configured such that the bone anchor is inserted into 110, the proximal surface of anchor base 100 is not flat and
the bone without the suture material attached. The two sur- comprises top surfaces 112 and 114, bottom surface 116, and
faces of the suture securing mechanism may be spaced apart side surfaces 118 and 120. In some embodiments, some or all
so as to form a gap between the surfaces. The suture material of these surfaces may be textured such as with a scallop shape
may be passed between the two surfaces and tensioned as 15 or grooves so as to inhibit movement of suture material
desired followed by clamping of the two surfaces together, pressed against the surfaces. Although a grooved surface is
thereby clamping the suture material there between. illustrated, it will be appreciated that other shapes for the
In one embodiment, the bone anchor consists of two parts: proximal surface of anchor base 100 are also contemplated,
an anchor base and an anchor top. The anchor base may be including multiple concentric grooves, a series of protruding
designed to be inserted into a hole in the bone with a proximal 20 ridges, a “vee” shaped channel, or any other suitable structure
surface facing up. The anchor top may be coupled to the that permits a suture to be securely locked against the top or
anchor base via a distal member. A proximal member on the proximal end of the anchor base 100.
anchor top may have a distal surface facing down toward the Hole 108 in anchor base 100 is an opening into a central
proximal surface on the anchor base. The coupling of the (“axial”) bore into the anchor base 100. The sides of the
anchor top to the anchor base may be such that the anchortop 25 central bore preferably include structures for gripping some-
can move relative to the anchor base such that it can be thing inserted into the central bore, such as ratchet structures
positioned in one configuration where there is space between 122. FIG. 4C show a central ratchet bushing 126 that fits
the proximal surface on the anchor base and the distal surface within the central bore and contains the ratchet structures 122.
on the proximal member of the anchor top. In another con- In the embodiment of FIG. 4C, the ratchet structures 122 are
figuration, the proximal member of the anchor top may be 30 constructed by cutting U shaped cuts into bushing 126. The U
position such that there is very little space, if any, between the shaped cuts then define tabs that make up the ratchet struc-
proximal surface on the anchor base and the distal surface on tures 122. lt will be appreciated that other shapes and methods
the proximal member of the anchor top. Thus, in the first for making ratchet structures may be used. The purpose of
configuration, suture material may be easily passed between ratchet bushing 126 is to receive the anchor top and secure it
the two surfaces and tensioned as desired. In the second 35 to the anchor base 100. It will be appreciated that other
configuration, the suture material may be clamped between methods of securing the anchor top to the anchor base 100
the two surfaces such that the suture is secured to the bone may beused, suchas a frictional fit or threading. Furthermore,
anchor. the anchor top may be coupled to the anchor base 100 using
One embodiment of an anchor base 100 is depicted in means other than hole 108 and bushing 126. For example. the
FIGS. 4A through 4D. FIG. 4A is a perspective view showing 40 anchor top may be coupled via structures at the perimeter
the side 101 and bottom 102 of the anchor base 100. The  rather than the center or by a hinge.
bottom 102 of the anchor base 100 may advantageously be FIG. 4D depicts a cross section through the center of
tapered to facilitate insertion of the anchor base 100 into anchor base 100. This view illustrates central bore 130 and
bone. In some embodiments. a hole is predrilled into the bone groove 110. The proximal surfaces 112, 114, 116, 118, and
to facilitate insertion of the anchor base 100. In other embodi- 45 120 are also apparent. Central bore 130 preferably does not
ments, the anchor base 100 is forced directly into the bone. extend all the way through the anchor base 100. Instead, a
thereby creating the hole. The sides 101 of the anchor base smaller bore 132 is present at the distal end 102 of the anchor
100 comprise threads 104 so that the anchor base 100 may be base 100. Smaller bore 132 is used to receive a wire connected
inserted into bone using a screwing action. In some embodi- to an anchor inserter. It will be appreciated that other struc-
ments, the anchor base 100 may be tapped to start the threads 50 tures than bore 132 may be used for attaching the wire and
104 into the bone followed by screwing the anchor base 100 that other means than a wire may be used to secure the anchor
into the bone. When the hole in the bone is pre-drilled. the to the anchor inserter.
hole is advantageously drilled with a diameter smaller than FIGS. 5A through 5C illustrate one embodiment of an
the diameter of threads 104 so that the threads engage the anchor top 200. FIG. 5A provides a perspective view of the
bone through the sides of the hole. It will be appreciated that 55 side and top of the anchor top 200 and FIG. 5B provides a
means other than threads may be used to secure the anchor perspective view of the side and bottom of the anchor top 200.
base 100 to bone. For example, angled protrusions may be Anchor top 200 has two members, a distal member 202 and a
used that provide greater resistance to removal of the anchor proximal member 204. The distal member 202 comprises an
base 100 than to insertion. The protrusions may be static or elongated shaft, the longitudinal direction of which shall be
deployable once the anchor is inserted. 60 considered to run along the axis of the distal member 202. A
The top of anchor base 100 preferably includes a structure series of grooves or other mating or locking surfaces or struc-
106 for facilitating the driving or screwing of the base 100 tures 206 exist along a portion of the outside surface of the
into the bone. In the illustrated embodiment. this comprises a shaft. The distal member 202 is designed to be inserted into
hex nut structure 106 that facilitates engagement with a hex the central bore 130 of the anchor base 100. The ratchet
nut driver for screwing the anchor base 100 into the bone. It 65 structures 122 in the anchor base 100 engage grooves 206 to
will be appreciated that other structures known in the art for couple the anchor top 200 to the anchor base 100. The ratchet
engaging tools used for screwing action may be used instead structures 122 are oriented such that the distal member 202
EXHIBIT 1
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can be easily moved in the distal direction in central bore 130
with the ratchet structures 122 snapping into the grooves 206
as the distal member 202 is moved downward. However,
when the ratchet structures 122 are snapped into grooves 206,
proximal movement of distal member 202 is inhibited. Thus,
the anchor top 200 may be ratcheted down into anchor base
100. Because the ratchet structures 122 exist along substan-
tially the entire surface of the central bore 130 (see FIG. 4C),
the anchor top 200 may be coupled to the anchor base 100 in
several positions. In other words, in one embodiment the
anchor top 200 need not be ratcheted into the anchor base 100
as far as it will go for it to be secured to the anchor base 100,

The proximal member 204 of anchor top 200 is generally
cylindrical in shape with a diameter larger than distal member
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in FIGS. 1-3. One such inserter 400 is depicted in FIGS. TA
and 7B. Inserter 400 comprises a handle 402 and an outer tube
404. As depicted in FIG. 7A, the handle 402 comprises a
cover 403. FIG. 7B depicts the inserter 400 with cover 403
removed. Not depicted in FIGS. 7A and 7B are an inner tube
disposed inside outer tube 404 and a wire disposed within the
inner tube. As will be described in more detail below., the inner
and outer tubes may be used to manipulate an anchor 300 such
as that described in FIGS. 4-6. The wire may be used to couple
the inserter 400 to the anchor 300 as described above. Inserter
400 also comprises an outer tube manipulator 406 and a wire
manipulator 408. Outer tube manipulator 406 comprises
release button 410. Outer tube manipulator 406 is securely
attached to outer tube 404. Outer tube manipulator 406 may

202. A hole 208 may advantageously be provided in the center 15 move longitudinally relative to handle 402 and the inner tube
of proximal member 204. With reference to FIG. 5B, the when release button 410 is pressed. Thus, when outer tube
bottom of distal member 202 also contains a hole 210. Holes manipulator 406 is moved, outer tube 404 also moves.
208 and 210 open into a central bore through the anchor top Wire manipulator 408 comprises wire grabber 410 to
200. This central bore allows the wire referred to above to which the wire is attached. The wire extends from wire grab-
extend through the anchor top 200 to be secured to bore 132 20 ber 410, through handle 402, and then through the inner tube.
in the anchor bottom 100, thus allowing the anchor bottom In one embodiment, wire manipulator 408 also comprises a
100 to be attached to an anchor inserter while still allowing release button 412. When release button 412 is pressed, the
anchor top 200 to be ratchet into anchor bottom 100. FIG. 5B wire manipulator 408 may be pressed into the handle 402 to
also illustrates that proximal member 204 contains a groove contact and thus provide additional tension on the wire. When
212 in its distal surface. Thus, the distal surface of proximal 25 in use, the additional tension causes the anchor base 100 to
member 204 is not flat and comprises distally facing surfaces mover relative to inserter 400. When enough tension is pro-
214 and 216 and side facing surfaces 218 and 220. In some vided to the wire by wire manipulator 408, the wire may break
embodiments, some or all of these surfaces may be textured free from the anchor 300 at its attachment point in bore 132 or
such as with a scallop shape or grooves so as to inhibit at some other predetermined location along the wire. It will be
movement of suture material pressed against the surfaces. In 30 appreciated that any suitable breakable attachment means
some embodiments, texturing in the distal surfaces of proxi- may be used for securing the wire to the anchor 300. For
mal member 204 match texturing in the proximal surfaces of example. the wire may be frictionally secured into bore 132 or
anchor base 100. It will be appreciated that the illustrated it may welded to the anchor base 100 using a weld that is
embodiments represent only one possibility: thus, other weaker than the wire itself or a portion of the wire where
shapes for the distal surface of proximal member 204 may 35 breaking is desired may be weakened. In one embodiment,
also be used. FIG. 5C depicts a cross section through the the wire is notched so as to create a weaker region in the wire
center of anchor top 200. In this figure, the central bore 226 is that will break upon application of suitable force.
depicted as are surfaces 214, 216, 218, and 220 and grooves The tip 414 of outer tube 404 is depicted in more detail
206. along with inner tube 420, wire 422, and anchor 300 in FIG.
FIGS. 6A and 6B depict cross sections showing how the 40 8. The end of outer tube 404 may comprise a hex nut driver
anchor top 200 may be coupled to anchor base 100 to form the structure 424 for receiving the hex nut structure 106 of anchor
complete anchor 300. In FIG. 6A. the anchor top 200 is base 100. Of course, any other suitable engagement structure
coupled to anchor base 100 with the proximal member 204 can be provided on the inserter 400 and the anchor base 100
separated from the anchor base 100. The anchor top 200 is in order to facilitate placement of the anchor base 100. Wire
secured to anchor base 100 by distal member 202 extending 45 422 extends out of inner tube 420 and into the central bore in
into central bore 130 of the anchor base 100. The distal the anchor top 200 to attach to anchor base 100 as described
member 202 is secured by ratchet structures (not shown) above. In some advantageous embodiments, the wire length
engaging grooves 206 in distal member 202. Central bore 226 and tension is adjusted such that the proximal member 204 of
in anchor top 200 and central bore 130 in anchor base 100 anchor top 200 buts against the end 426 of inner tube 420.
allow a wire to extend into the top of the anchor 300 and be so  FIGS. 9A through 9E depict how inserter 400 and anchor
secured to bore 132. Alternatively, the wire may be secured at 300 may be used to insert the anchor 300 into bone and attach
other locations within central bore 130. Thus the wire, which a suture to it. FIG. 9A depicts the configuration for inserting
can be coupled to an anchor inserter, can hold the entire the anchor 300 into bone. Outer tube 404 and outer tube
anchor assembly 300 and still allow anchor top 200 to move manipulator 406 (see FIGS. 7A and 7B) are positioned rela-
relative to anchor base 100 and the wire. 55 tive to inner tube 420 and handle 402 (see F1GS. 7 and 8) so
FIG. 6B depicts the anchor assembly 300 with the distal that the outer tube 404 engages hex nut structure 106 in the
member 202 of anchor top 200 ratcheted all the way into anchor base 100. It is advantageous in this configuration for
central bore 130 in anchor base 100. In this configuration, it the anchor top 200 to be in a position relative to the anchor
can be seen that proximal surfaces 112, 114, 116, 118, and base 100 such as depicted in FIG. 6A. In the configuration of
120 of the anchor base 100 and distal surfaces 214, 216, 218. so FIG. 9A, a surgeon may then screw the anchor base 100 into
and 220 of the proximal member 204 of anchor top 200 form bone by twisting handle 402 of inserter 400 (see FIGS. 7A
passageways 302 and 304. The size of passageways 302 and ~ and 7B).
304 are advantageously such that when a suture passes After the anchor base 100 is inserted into the bone, the
through them, it will be compressed so that it is securely outer tube 404 may be slid backward relative to the inner tube
attached to the anchor 300. 65 420 and handle 402 to expose the anchor top 200 such as in
Another embodiment of the present invention is an inserter FIG. 9B. One or more lengths of suture 600 may then be
designed to insert and manipulate an anchor such as described placed in the space between the distal surface 602 of the
EXHIBIT 1
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proximal member 204 of anchor top 200 and the proximal
surface 604 of the anchor base 100 by moving the suture
laterally into the space as depicted in FIG. 9C. The suture 600
may be manually tensioned as desired. In some embodiments,
tensioning of the suture 600 is aided by pulling the suture 600
against the distal member 202 of the anchor top 200.

After appropriate tensioning of suture 600, wire manipu-
lator 408 may be pressed to tension the wire, causing the
handle 402 of the inserter 400 and the inner tube 420 to be

wn
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through soft tissue and bone and a second deployed configu-
ration where structures such as protrusions are deployed to
prevent the bone anchor from being easily removed from the
bone.

In one embodiment. the anchor includes a substantially
hollow cylinder having a portion of its walls cut in such a
manner so as to allow the cylinder to deform under axial stress
and form lateral protrusions. The lateral protrusions may thus
prevent the anchor from being easily removed from the bone

pulled down towards the anchor base 100 so that inner tube 10 . i
420 ratchets the anchor top 200 down into the anchor bottom aﬂel: de?l“_yme““ % sapeuthodimdt, _lhe anchor_con}pnheh
100 as depicted in FIG. 9D. As the anchor top 200 is pushed a pt)ll.lled tip coupled to the hollow cylmder for piercing the
axially down, suture 600 will be clamped between the distal soft tissue and .bone, . 1‘! s en‘lbodllnem. Slll:llre 15 presal:
surface 602 of the proximal member 204 of anchor top 200 tached ‘to the pointed t.1p inside of the hollow cylmd'er. In other
and the proximal surface 604 of the anchor base 100 (see also 15 el_nbo_dlments_. suture is pre-attached at other loca‘tlons on the
FIG. 9C). The clamping will force the suture to be com- ~ Plercing anchor, such as at the proximal end of the hollow
pressed within the passageways 302 and 304 depicted in FIG. cylinder.
6B and thus be secured to anchor 300. The_ fit between }he One embodiment of a deployable piercing anchor is
anchor top 200 and the anchor base 100 in the clamping  depicted in FIGS. 10A and 10B. In FIG. 10A, the anchor is
rcgmlT is 5.1..1c'h that the suture 600 1s lim]]){ gripped. butisnot 20 depicted in a pre-deployed state. The anchor includes a sub-
cut, when 11‘15 clamped m‘place, Appropriate edges that mdy stantially hollow cylinder 650 with a plurality of cuts 652 in
contact the suture are pr(-:.ierably beveled or r.ounded 3 avolfi the side of the cylinder 650. The cylinder 650 is open on one
damage to the suture. After anchor top 200 is ratcheted suf- end 654. On the other end, a pointed tip 656 is disposed,
lnly i oo, e, 0 e bt 48 e lloving e nort e o s bone I
to fur.thr;:r tension wire 422 (see FIG. 8) such that wire 422 £ IG'. l(]l?,, the anf:hor.ls dn?picted ina deployed Stale: Siress is
breaks free from its attachment to anchor base 100, thus Bitiod: s skigl @irection gch Anat ie cy]n.l o8 col-
leaving the anchor 300 free from inserter 400 with suture 600 impses alc:ng GOl 652 50 us to fomn byl ]a_lera] wings 060, The
cecurely attached as depicted in FIG. OF lateral wings 660 prevent the anchor from being removed
S A‘hhgugh‘ ) pqnti’cu[}jlr et df;vic;a for inserting and 30 ﬁ:um the bone. Hinges 662 connect one end of each wi'ng o
ma‘ui it ko B0 Tk b i iabal & S e ell]}erthetop prthn?boltom parts of anchor body. These hinges
underr;loud Lii;”nl olhe;‘ inserter designs ma ‘be used for deionq At folcyih B p]fme M lh}-: o hor bp el
i polatiig Iche narts of anchos 35’0 det;:fibe 3 sk 1o that point when the anchor is deployed. A strip of material 664
arts d S b (< : .
4 : A connects the top and bottom wing on each side of the anchor
insert the anchor into bone and secure suture material to the body, and serv e?s, as  hinge b etw?en the two as well as aiding
?(]J]l[‘"llllu):ell‘tﬁlr cfl;';n;}::ilgrﬂ;:ﬁ bs(;g.::::fi{l"l:]s]:;';rztﬁldarf;i;;ml]; in alignment of the wings during deformation. The tips of the
addition ingaltem'nive embodimen‘t:s the anchor base i00 Winigs sajpoctlt (o e P Cting | tiip 664 wilize:nilling
:11ay i (:'mmecte d ‘m ts e hioiTop 2") 8 bt theio edges 666, wléich ensure uniform alignment and smooth tran-
. . - sition during deformation. Those of skill in the art will appre-
(I;'l’;(ljll:"n:g:}?; 2::51123;E:]::;Eage%ﬁ;gﬁg:;ﬁﬁ ];1;?:]1]1; 4o Clatethatany number of geometries of cuts in the cylinder 650
i = . . i may be utilized to create a deformable structure that will
§lltlilzllg Ihci‘ dib;al Cl]l(.:} :]:f the anchor top 200 into the hole 108 produce lateral protrusions upon exposure to stress.
n e anchor base . " wn sy s
It will be appreciated by those of skill in the art that the In some embodiments. structures may be positioned within
sinchior 300 and inserter 400 provide a syster for easy attich the cy]u}dcr 650 for attaching sutures and engaging with an
ment of a suture to bone. The anchor 300 may be inserted into 43 22‘1—‘;11?; dlrgb;:;;nc];:o;::u s;?i:lﬁ::;iﬁ; blllﬁi:i;:?;& 11;(1.:} alr ‘l.
bone with minimal disruption of surrounding tissue. Only an de i[::ls one such embﬂ%iment Altach:dy 1o the 1 '656 h a
access route having the diameter of the outer tube 404 and the glcp e 676 throush whick l'h. i e it p672 'i:h
securely attached to the anchor 300 and tensioned as desired vlinder 650 for '!};lachin I:he 6 SEE:E oo 5;) The
without having to insert additional instrumentation into the 3¢ 'y' fiivis l‘m cung . bI? v forcad I)“( frictional fi
site or without performing any cumbersome attachment eiachencat meCtansiL oy be Uy Joctha K6, let anaL i,
2 : threads, welding, adhesive, or any other suitable means.
maneuvers such as knot tying. It should also be appreciated Sl S ‘]] 2, b:'b; = c;eii Il B 8 | "; S 6(":"2 -
that the general principle illustrated by this system of insert- WERLEEIAISHIAL Mgy O SIS THEOUEIL S AP UIE R s 1
ing in anchor ino bone without having suture material fire- order to attach the suture to the anchor. The suture material
attached and then attaching suture to the anchor without tying 33 S:Su);:;iesgggmdi:ﬂ tahfc;:)]: i?&:inlglt?igutlgesjﬁgﬁlﬂ.r:ouﬁ
any knots may be implemented using any appropriate system vents it feom Bgﬂo ?U] led through the aperture 672 cla;n]fing
e : g : 2 g !
other than the specific embodiments depicted in FIGS. 4-9. s Bt Bebiies tha Stethias 670 40A s susids oF the
Tissue and Bone Piercing Anchor cylinder 650, adhering the suture to structure 670 by welding
One embodiment is a bone anchor adapted for piercing 60 or adhesive. orany c_:)ther suitable means. In one embodimem.
through the soft tissue and into underlying bone. In one the suture material is attached to the anchor at tip 656 prior to
embodiment, the suture material may be pre-attached to the use of the anchor.
piercing bone anchor so that after implantation, a suture An anchor inserter attachment structure 674 may also be
passes from the bone anchor through to the top of the soft coupled to the tip 656. This structure 674 may couple to an
tissue for easy passing over the soft tissue. In one embodi- 65 anchor inserter through a wire or any other suitable means.
ment, the piercing bone anchor has two configurations, a first The attachment between the anchor inserter and the anchor at
configuration having a small diameter for easy piercing this point may be used to apply axial stress to the anchor for
EXHIBIT 1
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deploying the anchor as described above. The attachment at
this point may also serve to keep the anchor attached to the
inserter prior to deployment.

One embodiment of an anchor inserter suitable for use with
the above-described anchor is depicted in FIG. 12. The
anchor inserter comprises a grasping handle 700 to which is
attached an outer sleeve 702 which is fixed relative to the
handle 700. The piercing anchor 704 is disposed at the end of
the sleeve 702. A deployment lever 706 may be pressed by a
user to deploy and detach the anchor 704 as described below.
A safety switch 708 may be provided to prevent the anchor
704 from being deployed prematurely. A spool 710 may be
provided at the proximal end of the handle 700 for holding
excess suture. A lid 712 may be provided for gaining access to
the inner components of the inserter.

FIG. 13 depicts the anchor 704 coupled to the inserter. As
described above, the anchor 704 comprises a hollow cylinder
650 with cuts in the sides and a pointed tip 656. Furthermore,
as depicted in FIG. 11. a suture receiving aperture 672 and an
inserter attachment structure 674 are attached to the pointed
tip 656 within the cylinder 650. The outer sleeve 702 of the
inserter may fit over the open end 654 of the cylinder 650 or
be flush with the open end 654. The outer sleeve 702 may thus
hold the top part of the anchor 704 steady during insertion. In
an alternative embodiment, the outer sleeve 702 may fit over
the length of the cylinder 650 to prevent the cylinder 650 from
deforming while it is being inserted into bone. In this alter-
native embodiment, the outer sleeve 702 may be retracted
prior to deployment of the anchor. An inner tube 720 may be
positioned within the outer sleeve 702 and the hollow cylinder
650 and contact the top surface of the anchor tip 656 (see F1G.
11). The inner tube 720 provides structural reinforcement of
the anchor 704 and pushes against the tip of the anchor 704
while it is being driven into bone or tissue. The inner tube 720
may be fixed relative to the handle 712 and outer sleeve 702
during insertion. however, during deployment of the anchor
704, the inner tube 720 may be released by switching safety
switch 708 so that the inner tube 720 can move axially relative
to the outer sleeve 702 while the anchor cylinder 650 col-
lapses. A wire may be positioned inside of the inner tube 720
running from within the handle 712 through the inner tube
720 to the anchor 704 and attached to the anchor inserter
attachment structure 674. During deployment, the lever 704
may be pressed to pull the wire axially towards the handle
700. The axially movement of the wire forces the anchor 704
to press against outer sleeve 702 and stresses the cylinder 650,
causing it to deform and deploy. During collapse of the cyl-
inder 650. the inner tube 720 will also move in an axial
direction toward the handle 700. Upon further stress on the
wire, the wire may break free from the anchor inserter attach-
ment structure 674, releasing the inserter from the anchor
704. Suture material may run from the inside of handle 700
through the inner tube 720 to attach to the anchor 704 through
aperture 672 (see FIG. 11). Upon detachment of the anchor
inserter from the anchor 704, the inserter may be withdrawn,
leaving the inserted and deployed anchor with suture coming
out of the open end 654 of the cylinder 650. The suture will
still be coupled to the inserter through the inner tube 720,
handle 700, and around spool 710. Those of skill in the art will
appreciate other inserters and mechanisms that may be used
to insert and deploy the piercing anchors described herein.
For example, rather then axially stressing the anchor 704 by
pulling the tip 656 in an proximal direction, the cylinder 650
may be pushed in a distal direction to deform the cylinder 650.

FIG. 14 is a cut-away view of the handle 700, showing the
inner workings of the anchor inserter. The suture material
attached to a piercing anchor at the tip of the inserter may pass
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through the central bore of the inner tube 720 and through a
bore 750 in the handle 700. The suture material may then pass
through a hole 752 in the end of the handle 700 and be
wrapped around the spool 710, which may be integral with
the handle 700. The wire attached to the anchor inserter
attachment structure 674 in the anchor may also pass through
the central bore of the inner tube 720 and may then proceed
around a pulley 754 and attach securely to the handle 700 at
point 756. The pulley 754 may be attached to the lever 706.
When the lever 706 is pressed down, the pulley 754 will move
toward the back end of the handle 700, causing the wire
attached to the anchor to retract. Because of the use of pulley
754, the wire will retract twice the distance as the pulley 754
moves.

The safety switch 708 may be used to prevent the lever 706
from being pressed and prevent the inner tube 720 from
moving unless the safety switch 708 is in the correct position.
The safety mechanism operates via a drum 760 disposed

. within the handle 700 to which the safety switch 708 is

attached. Moving the safety switch 708 rotates the drum 760
within the handle 700. FIG. 15 shows the drum 760 and safety
switch 708 mechanism in more detail. The inner tube 720
passes through a central bore in the drum 760. On the other
side of the drum 760, the inner tube 720 is attached to a
stopper 762. The stopper 762 has a through-hole 764 to per-
mit passage of the deployment wire and suture. The stopper
762 may be positioned within a cavity 766 in the end of the
drum 760. A second similarly shaped cavity may be disposed
within the handle 700. The stopper 762 and attached inner
tube 720 may only be allowed to move axially relative to the
handle 700 when the safety switch 708 and drum 760 is
rotated so that the cavity 766 in the drum 760 is aligned with
the matching cavity in the handle 700. When the cavities are
aligned, the stopper 762 is allowed to move from the cavity
766 to the cavity in the handle 700. thus allowing the inner
tube 720 to move axially and the anchor to be deployed.

Additionally, the drum 760 comprises a groove 768. A
spring-loaded sliding pin 770 (see FIG. 14) may be coupled to
the lever 706. The lever 706 can only be moved when the
drum 760 and switch 708 are rotated so that groove 768 is
aligned with the pin 770. Thus, both the stopper 764 and the
pin 770 prevent the anchor from being deployed unless the
switch 708 is in the correct position.

Those of skill in the art will appreciate other mechanisms
that could be used for deploying a deployable anchor and
providing safety mechanisms to prevent premature deploy-
ment.

Example Using a Piercing Anchor and a Suture Capturing
Anchor

The above-described anchors may be used in a surgical
procedure for attaching soft tissue to bone. One example of
such a procedure is depicted in FIGS. 16A through 16F. In
FIG. 16A, the piercing anchor 800 attached to an anchor
inserter 802 as described above is pierced through soft tissue
804 that has become detached from underlying bone 806. In
FIG. 168, the anchor inserter 802 is moved laterally relative
to the bone 806 so as to stretch the soft tissue 804 laterally
relative to the bone 806. Once the soft tissue 804 has been
stretched to the desired position. the anchor 800 is inserted
into the bone 806 and the anchor 800 is deployed as described
above and the inserter 802 is detached from the anchor 800,
leaving a suture 808 attached to the anchor 800 and extending
through the soft tissue 804. The anchor 800 may be inserted
into bone 806 by tapping on the inserter 802 with a hammer or
by any other suitable means of applying axial force. F1G. 16C
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depicts the deployed anchor 800 with attached suture 808.
The suture 808 will extend into the inserter 802.

Next, as depicted in FIG. 16D, a suture capturing anchor
810 is inserted into the bone 806 using the inserter 812 as
described above. In FIG. 16E, the inserter 812 is then
retracted to expose the suture capturing mechanism. The
suture 808 is then passed over the soft tissue 804 and laterally
moved into the suture capturing mechanism and tensioned.
Finally, as depicted in FIG. 16F, the suture capturing mecha-
nism is deployed to capture the suture 808, the anchor inserter
812 is detached from the anchor 810, and the suture 808 is cut
to detach it from the suture inserter 802, The result is a length
of suture 808 between the bone anchors 808 and 810 that
presses the soft tissue 804 against the bone 806. Multiple
anchors and sutures may be used to produce geometries such
as depicted in FIGS. 2 and 3 and variations thereof.

It will be appreciated that there are numerous stitches,
suture threading patterns, and anchor patterns that may be
used to secure soft tissue to bone by the methods and devices
described herein. These variations as well as variations in the
design of the above described anchor devices and inserter
devices are within the scope of the present disclosure.

Methods of Attaching Soft Tissue to Bone

Various embodiments include methods for attaching soft
tissue to bone. In some embodiments. the methods include
using the bone anchors described above. In one embodiment.
a bone anchor is inserted into the bone and then a length of
suture is passed over the soft tissue and secured to the anchor
afier inserting the anchor without tying any knots or without
passing the suture through an aperture in the anchor. In some
embodiments, the suture is secured to the anchor by laterally
moving it into a securing mechanism. In one embodiment,
securing the suture to the anchor includes clamping the suture
between at least two surfaces on the anchor. In one embodi-
ment, the anchor is not inserted further into the bone after
securing the suture to it.

In another embodiment. a first anchor with a suture pre-
attached is inserted through the sofi tissue and into the bone.
The suture may then be passed over the soft tissue and fixedly
secured to a second bone anchor. In one embodiment. the first
anchor is inserted by directly piercing the soft tissue and the
bone. In one embodiment, lateral protrusion may be deployed
on the first anchor to prevent the first anchor from being
removed. In one embodiment. the suture may be coupled to
the second bone anchor prior to insertion and then fixedly
secured after insertion. In this context, “coupled™ means that
the suture is attached to the bone anchor but not fixedly
secured, such that the suture can move to some extent relative
to the bone anchor. In an alternative embodiment, the suture is
not coupled to the second bone anchor during its insertion.

In another embodiment. a first portion of suture is inserted
into the proximal surface of the soft tissue. A second portion
of the suture (e.g., the portion proximal to the inserted por-
tion) is then passed over the proximal surface of the soft tissue
and fixedly secured to a bone anchor. In one embodiment, the
procedure may be performed without passing the first portion
of the suture back out of the proximal surface of the soft
tissue. In one embodiment. this result is accomplished by the
first portion of the suture being attached to an anchor that is
inserted through the soft tissue and into bone.

One embodiment includes inserting a first anchor with a
pre-coupled suture through soft tissue and into bone. The
suture may then be passed over the soft tissue and fixedly
secured to a second anchor. In one embodiment, the pre-
coupled suture is fixedly secured to the first anchor prior to
insertion. In an alternative embodiment, the pre-coupled
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suture can move relative to the first anchor prior to insertion
and is fixedly secured after insertion.

In another embodiment. multiple lengths of suture are
attached to multiple anchors. In one embodiment at least three
anchors are inserted into bone. A first length of suture may be
secured between a first and second anchor and a second length
of suture may be secured between the first and a third anchor.
In one embodiment, the first anchor is positioned beneath the
soft tissue and the second and third anchors are positioned
laterally to the soft tissue. In an alternative embodiment, the
first anchor is positioned laterally to the soft tissue and the
second and third anchors are positioned beneath the soft
tissue. In some embodiments. the lengths of suture are fixedly
secured to the anchor(s) positioned beneath the soft tissue
prior to insertion of those anchor(s). In one embodiment. the
different lengths of suture may be tensioned separately.

In various embodiments, prior to fixedly securing suture to
a bone anchor. it can be tensioned. In one embodiment, ten-
sioning is accomplished by manually pulling on the suture
such as by a surgeon grasping the suture using an appropriate
instrument and then pulling. In one embodiment, the suture
may be pressed against the bone anchor to provide leverage
for pulling. For example, the suture may be wrapped partly
around a proximal portion of the anchor prior to pulling.

Although the invention has been described with reference
to embodiments and examples, it should be understood that
numerous and various modifications can be made without
departing from the spirit of the invention. Accordingly, the
invention is limited only by the following claims.

What is claimed is:
1. A method of attaching soft tissue to bone, comprising:
inserting a first anchor into bone, wherein the firstanchor is
positioned underneath the soft tissue such that no part of
the anchor extends beyond an edge of the sofi tissue:

passing a first length of suture from said first anchor over
the soft tissue;

inserting a second anchor into bone. wherein the second

anchor is positioned beyond the edge of the soft tissue
such that it is not underneath the sofi tissue:
after inserting the second anchor, tensioning the first length
of suture to compress an area of tissue to bone between
the edge of the soft tissue and the first anchor; and

fixedly securing the first length of suture to the second
anchor without tying any knots.

2. The method of claim 1. wherein the first length of suture
is fixedly secured to the first anchor prior to insertion of the
first anchor.

3. The method of claim 1, wherein the first anchor is
inserted through the sofi tissue.

4. The method of claim 1, wherein the first length of suture
is fixedly secured to the second anchor without passing the
first length of suture through any aperture in the second
anchor.

5. The method of claim 1, comprising inserting a third
anchor into bone, wherein the third anchor is positioned
beyond an edge of the soft tissue such that it is not underneath
the soft tissue.

6. The method of claim 5. comprising passing a second
length of suture from said first anchor over the soft tissue.

7. The method of claim 6, comprising fixedly securing the
second length of suture to the third anchor without tying any
knots.

8. The method of claim 1, wherein the first length of suture
is coupled to the first anchor prior to insertion of the first
anchor.
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9. The method of claim 8, wherein the first length of suture
is fixedly secured to the first anchor after insertion of the first
anchor.

10. The method of claim 1. wherein the first length of
suture is coupled to the second anchor prior to insertion of the
first anchor.

11. The method of claim 1, comprising inserting a third
anchor into bone, wherein the third anchor is positioned
underneath the soft tissue at a location distinct from the first

16

passing a second length of suture from said third anchor
over the soft tissue and the first length of suture; and

fixedly securing the second length of suture to said fourth
anchor.

21. The method of claim 1, wherein inserting the first
anchor into the bone comprises directly piercing the bone
with the first anchor without drilling any holes.

22. The method of claim 1, wherein inserting the first
anchor into the bone comprises deploying lateral protrusions

anchor. 10 on the firstanchor, wherein the lateral protrusions are adapted

12. The method of claim 11, comprising passing a second to prevent the first anchor from being removed.
length of suture from said third anchor over the soft tissue. 23. The method of claim 1. wherein the passing step com-

13. The method of claim 12, wherein the second length of prises passing the length of suture over the sofi tissue without
suture is crossed over the first length of suture. the suture being coupled to the second anchor.

14. The method of claim 12. comprising fixedly securing 15 24. The method of claim 1, wherein suture is coupled to the
the second length of suture to the second anchor without tying second anchor prior to insertion and wherein, afier inserting
any knots. the second anchor, the length of suture is tensioned and then

15. The method of claim 14, comprising inserting a fourth fixedly secured to the second anchor.
anchor into bone, wherein the fourth anchor is positioned 25. The method of claim 1, wherein the step of inserting the
beyond an edge of the sofi tissue such that it is not underneath 20 second anchor comprises inserting the anchor directly into
the soft tissue at a location distinct from the second anchor. the bone without the anchor passing through the soft tissue.

16. The method of claim 15, comprising passing a third 26. The method of claim 1., wherein no suture is coupled to
length of suture from said third anchor over the soft tissue and the second anchor during its insertion and wherein. after
the first length of suture. inserting the second anchor, the length of suture is tensioned

17. The method of claim 16. comprising fixedly securing 25 and then fixedly secured to the second anchor.
the third length of suture to the fourth anchor. 27. The method of claim 1, wherein the step of fixedly

18. The method of claim 17, comprising passing a fourth securing is performed without passing the suture through any
length of suture from said first anchor over the soft issue. apertures in the second anchor.

19. The method of claim 18, comprising fixedly securing 28. The method of claim 1, wherein the inserting steps.
the fourth length of suture to the fourth anchor. 30 passing step, and fixedly securing step are conducted arthro-

20. The method of claim 1, comprising: scopically.

inserting a third anchor into bone, wherein the third anchor 29. The method of claim 1, wherein passing the first length

is positioned underneath the soft tissue at a location of' suture over the soft tissue comprises passing the first length
distinct from the first anchor; of suture over the edge of the soft tissue.

inserting a fourth anchor into bone, wherein the fourth 35 30. The method of claim 1, wherein the first length of

anchor is positioned beyond an edge of the soft tissue suture passes though the soft tissue only once.

such that it is not underneath the soft tissue at a location

distinet from the second anchor: ¥ % & % %
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Knotless SwiveLock Anchors and FiberTape
Provide ouwr Strongest and Lowest
Profile Constructs

. Knotless Single
SpeedFix | Row Repair

e Small nonretracted tears

¢ Simplified suture management

e Pass a FiberTape inverted mattress stitch in one
step using the Double Scorpion” Suture Passer

. Knotless Double Row
SPCCdBI’ ldge ‘ Footprint Reconstruction

® Medium to large tears

e Transosseous equivalent

e Maximizes contact between tendon and bone

¢ Knotless medial row minimizes potential for crepitus
* Protects healing zone from the synovial environment
® Requires only two suture passing steps

L]
SpeedBridge ! SoeedBrid
RC AllOgl_‘ aft ‘ Augmented Repair WY

e Revisions or weak tissue reinforcement

e SpeedBridge augmented w/2 x 3 cm ATSI
RC Allograft patch hydrated with autogenous
growth factors

| I ﬂ »
RC Allograft

>

Cannulated SwiveLock SwiveLock preloaded w/
design promotes blood #2 FiberWire for additional
channeling to the repair site fixation options
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#2 FiberWire SWiVCLO Ck C

Tip Retention
Suture
e The only fully threaded, knotless anchor on the market
e Maximum fixation strength
e Combines with many variations of FiberTape
and FiberWire® for extreme flexibility
PLLA and PEEK material options

4.75 or 5.5 mm

. diameters
SwiveLock SP t

e Self-punching design eliminates the need
for a bone socket preparation

® Reduces O.R. time and facilitates repair
visualization prior to insertion

e #2 FiberWire tip retension suture in
SwiveLock C and SP provides medial
horizontal bridge or knot tying option

Thumb Pad

4.75 mm diameter

FiberTape

e 2 mm wide FiberTape or =
TigerTape™ options provide
broad compression and tissue
cut-through resistance

e #2 FiberWire tails can be passed

with a Scorpion

#2 FiberWire core

Fully threaded
Bioabsorbable PLLA or
PEEK anchor body in 4.75
and 5.5 mm diameters

PEEK Eyelet
The science behind the technology...

30 Single Knotless
<| 70 Awnchor Pull-Out
=3 60 71.2 Strength
I3
=
:T': 50 56.9 Data on file - straight axial
H | 40 pull-out in laminated foam
2130 block (10 pef cancellous
- 34.1 core with a 2 mm thick
§ 20 27.5 20 pcf cortical shell)

10 19.3

0
5.5 mm Bio- 4.75 mm Bio- Mitek Arthrocare  Smith&Nephew

SwiveLock C ~ SwiveLock C ~ Versalok™  Opus Magnum™ Footprint PK™
w/FiberTape  w/FiberTape
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SpeedBridge

The fully threaded SwiveLock C can be combined with FiberTape to create a quick and secure SutureBridge construct with no knots
and only two suture passing steps. The result is a low profile, transosseous equivalent suture bridge that enhances footprint compression

to maximize contact between tendon and bone to help promote healing.

Preload a FiberTape into the eyelet of a Bio-SwiveLock C for Insert the Bio-SwiveLock C into the prepared medial bone
use as a medial row anchor. Prepare a bone socket using a punch. socket until the anchor body makes contact with bone.

Hold the thumb pad steady and rotate the driver handle in a Unwind the #2 FiberWire tip retention suture that holds the

clockwise direction until the anchor body is flush with bone. PEEK tip in place during anchor insertion. This suture may be
incorporated into the repair or discarded. Remove the driver.

Retrieve both FiberTape tails, one at a time, from the medial
through the rotator cuff with a Scorpion. Retrieve the FiberLink row anchor, through the lateral portal using a Suture Retriever.

tail through the anterior portal.

Pass the tail of a FiberLink™, for use as a suture shuttle,
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. . Z. 600
The science belind the technology ... < S0
Sl
Cadaveric testing shows that the SpeedBridge is equivalent to the !% ;88 |
standard SutureBridge in both strength and gap formation under “-o“ 200 J
cyclic loading. _g 100 4
Six matched pairs were cycled between 10 and 100N five hundred times <
and then pulled to failure. The strength of both constructs was only limited .3 -

SpeedBridge  Standard SutureBridge

by tendon quality. No anchors or sutures failed. Data on File

Load both tails of the FiberTape through the FiberLink loop. Repeat steps 1-7 for posteromedial anchor, using a white/black
Pull on the FiberLink tail, through the anterior portal, to shuttle TigerTape for easy suture management.
the FiberTapes through a single hole in the rotator cuft.

e

e

N

Retrieve one FiberTape tail from each medial anchor and preload Insert the Bio-SwiveLock C into the prepared lateral bone
them through the SwiveLock C eyelet. Prepare a bone socket socket until the anchor body contacts bone. Adjust tension if
using a punch. Anchor position is normally 5-10 mm lateral to necessary.

the edge of the tuberosity.

T

Make sure the anchor body is in contact with bone. Hold the Cut the FiberTape tails, one at a time, with an open-ended
thumb pad steady and rotate the driver in a clockwise direction FiberWire cutter. Repeat steps 9 - 12 for the second lateral
to insert the anchor body until it is flush with the bone. anchor.
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SpeedFix

Quick and secure single-row fixation can be obtained with the SpeedFix. The SpeedFix takes advantage of the new Expanula™ Cannula
and Double Scorpion Suture Passer. The Expanula has a deployable collar that is used to retract the deltoid and expand the working
area in the subacromial space. The Double Scorpion Suture Passer is used to pass an inverted mattress stitch in one step.

\

Load both tails of a FiberTape into the Double Scorpion and Retrieve both FiberTape tail through the lateral portal and
pass an inverted mattress stitch in one step. preload them through the SwiveLock C eyelet. Prepare a bone

socket using a punch.

Bring the tip of the Bio-SwiveLock C eyelet to the edge of the Insert the Bio-SwiveLock C into the prepared bone socket until
bone socket. Leave some slack in the FiberTapes to allow for the anchor body makes contact with bone. Adjust tension if
casy insertion. Tension can be adjusted later. necessary.

Tip Retention Suture

Make sure the anchor body is in contact with bone. Hold the Unwind and discard the #2 FiberWire tip retention suture that
thumb pad steady and rotate the driver handle in a clockwise holds the PEEK tip in place during anchor insertion. Remove

direction until the anchor body is flush with bone. the driver. Cut the FiberTape tails, one at a time, with an open-
ended FiberWire cutter.
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SwiveLock SP

The Bio-SwiveLock SP combines a titanium tip with a PLLA anchor body to eliminate the need for prepunching a bone socket.
This self-punching design can help save valuable O.R. time while increasing the precision of the final construct. The Bio-SwiveLock SP
can be combined with FiberTape to complete a SpeedFix or SpeedBridge knotless rotator cuff repair.

SpeedFix w/SwiveLock SP

Pass a FiberTape in an inverted mattress configuration. Load the Mallet directly on the driver handle to simultancously create the

FiberTape tails through the SwiveLock SP eyelet and locate the bone socket and partially insert the SwiveLock SP until the anchor
best anchor position. Leave some slack in the FiberTapes. Tension body contacts bone. Tension may be adjusted if necessary.

can be adjusted later.

&
Hold the thumb pad steady and rotate the driver in a clockwise Unwind and discard the #2 FiberWire tip retention suture that
direction to insert the anchor body until it is flush with the bone. holds the titanium tip in place during anchor insertion. Remove

the driver. Cut the FiberTape tails, one at a time, with an open-
ended FiberWire cutter.

SpeedBridge w/RC Allograft Augmentation

The SpeedBridge rotator cuff repair can easily be combined
with RC Allograft to provide complete footprint restoration
on challenging repairs. RC Allograft is sterile rotator cuff
tendon that can be hydrated with bone marrow aspirate and
shuttled down the medial row FiberTapes into position to
complete the repair.

The RC Allograft offers advantages over many of the current
products available for rotator cuff augmentation. The biocom-
patibility, mechanical properties, tissue response, and safety of
the allograft make it desirable for use in shoulder surgery.*

* Data on File

ALLOGRAFT TISSUE|S¥STEMSZ
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Ordering Information

Implants/Disposables:

Bio-SwiveLock C, 4.75 mm x 19.1 mm, closed eyelet
Bio-SwiveLock C, 5.5 mm x 19.1 mm, closed eyelet
Bio-SwiveLock SP, 4.75 mm x 24.5 mm, self-punching
FiberTape, 2 mm, 7 inch (&/ue) each end tapered
to #2 FiberWire, 30 inch
TigerTape, 2 mm, 7 inch (white/black) each end
tapered to #2 TigerWire, 30 inch
FiberLink, #2 FiberWire (&iue) w/closed loop
Scorpion Needle
SureFire Scorpion Needle
SureFire Double Scorpion Needle
Expanula w/no Squirt Cap, 8.25 mm I.D. x 7.5 cm

RC Allograft Patch (ordered through ATSI)
Instruments:

Punch, for 5.5 mm Corkscrew FT and 4.75 mm
and 5.5 mm SwiveLock

Disposable Punch, for 5.5 mm Corkscrew FT
and 4.75 mm and 5.5 mm SwiveLock

Scorpion Suture Passer, 16 mm

Humpback Scorpion, 16 mm

Double Scorpion Suture Passer

Suture Retriever, 3.4 mm, straight

Suture Cutter, 4.2 mm, open-ended, left notch

For more information go to:

AR-2324BSLC
AR-2323BSLC
AR-2324BSLM

AR-7237-7

AR-7237-7T
AR-7235
AR-13990N
AR-13991N
AR-13994N
AR-6569

241001

AR-1927PB

AR-1927PBS
AR-13990
AR-13993
AR-13994
AR-12540
AR-11794L

http://speedbridge.arthrex.com

Arihré?(@%

www.arthrex.com
e
...up-to-date technology '
just a click away

This description of technique is provided as an educational tool and clinical aid to assist properly licensed medical professionals
in the usage of specific Avthrex products. As part of this professional usage, the medical professional must use
their professional judgment in making any final determinations in product usage and technique.
In doing so, the medical professional should vely on theiv own training and expevience and should conduct
a thorough veview of pevtinent medical litevature and the product’s Divections For Use.
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