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choring at least two graft ligaments
(102,104) within a longitudinal bone tunnel
includes a longitudinal sleeve (108). The
sleeve is contigured for at least partial inser-
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APPARATUS AND METHOD FOR SEQUENTIALLY
ANCHORING MULTIPLE GRAFT LIGAMENTS IN A BONE TUNNEL

Related Application

This application claims priority from U.S. Provisional Application
No, 61/171,518, filed April 22, 2009, the subject matter of which Is incorporated

herein by reference.

Technical Field

The present invention relates to an apparatus and method Sor anchoring
graft ligaments and, more particularly, to an apparatus and method for sequentially

anchoring multiple graft ligaments in a bone tunnel.

Background of the Invention

Ligaments are tough bands of tissue which serve to connect the articular
extrentities of bones, or to support or refain organs in place within the body.
Ligaments are typically composed of coarse bundies of dense fibrous tissue which
are disposed in a parallel or closely interlaced manner, with the fibrous tissue being
pliant and flexible, but not significantly extensible.

In many cases, Hgaments are torn or ruptured as a result of trauma. Asa
result, various procedures have been developed o repair or replace such damaged
ligaments,

For example, in the human knee, the aoterior and posterior craciate
Higaments extend between the top end of the tibia and the bottom end of the femur.
The antertor and posterior cruciate ligaments cooperate, together with other
ligaments and soft tissue, to provide both static and dynamic stability to the knee.
Often, the anterior cruciate ligament (hereafter, the “ACL”) is ruptured or torn as a
result of, for example, a sports-related injury, Consequently, various surgicat
procedures bave been developed for reconstructing the ACL 50 as to resiore
normal function to the knee.

In many instances, the ACL may be reconstructed by replacing the ruptured
ACL with a graft ligament. More particularly, with such procedures, bone tunnels

are typically formed in the top end of the tibia and the bottom end of the femur,
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with one end of the graft ligament being positioned in the femoral tunnel and the
other end of the graft ligament being positioned in the tibial tunnel. The two ends
of the graft ligament are anchored in place in various ways knows v the art so that
the grafl ligament extends between the femur and the tibia in substantially the same
way, and with substantially the same function, as the onginal ACL. This graft
ligament then cooperates with the surrounding anatomical structures 5o as fo
restore normal function o the knee.

In some circomstances, the graft igament may be a Hgament or tendon
which is harvested from elsewhere in the patient (autograft) or from a cadaveric
donor {allograft} (e.g.. a hamstring); in other circumstances, the graft Heament may
be a synthetic device. For the purposes of the following description, all of these
types of ACL-replacing tissues will be collectively referred to as a “graft
ligament™.

The native ACL is not simply a band of connective tissue, but has a
complex and partially twisted “double-bundle” structure in which ay anteromedial
portion/bundle of the ACL controls the forward-backward pivating of the joint,
and a posterofateral portionvbundle of the ACL coutrols rotational stability of the
joint. When the knee is straight, these two bundlex extend in a parallel manner
between the femur and thia. When the knee is fiexed, the two bundles cross each
other. The anteromedial and posterolateral bundles are subtly different in the
manner in which they mechanically interact with cach other and with other
components of a healthy knee joint. For example, the anteromedial and
posterclateral bundles may be under different amounts and/or directions of tensile
force within the kaee joint. It is common for patients with ACL injuries to bave
damage to both the anteromedial and posterolateral bundles.

Traditionally, a single graft ligament has been used to restore knee function
to the patient by merely approximatiog the function of the native ACL. A single-
graft technique involves drilling a single bone tunnel in each of the fenvur and tibia,
This technique {s well-established in the art and is considered a routine surgical
procedure, after which patients typically return to their normal level of activity,

However, a single-graft reconstruction does not reflect the original knee structure
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and therefore might lead to future adverse etfects due to long-term use of the knee
in a mechanically different configuration than the native anatomy.

in the last several vears, surgeons have begun to refine their techniques
better mimic the dooble-bundie structire of the native ACL, as well, in the jnterest
of creating a more “natural” replacement ACL and with the goal of a better fong-
term prognosis for achieving normal function of the reconstructed knee joint. One
currently used double-bundie ACL replacerment technique requires separate bone
tunnels to be provided for cach of the two reconstructive grafts, However, drilling
two tunnels in close proximity is technically difficelt and brings about a
heightened risk of complication.

In a varigtion on this known technique, the two graft ligaments replacing
the anteromedial and posterolateral bundles of the ACL both run from g single
femoral bone tunnel 1o a single tibial bone tunnel. Due to the limited confines of
the bone tunnels, traditional graft-anchoring technigues may not be effective in
placing dual graft Hgaments within a single tunnel. An example of 8 commercially
avatlable system which has been developed to address the specialized anchoring
needs of a double-bundle ACL replacement is the AperPix™ gystem, available
from Cayenne Medical of Scottsdale, Arizona. However, the AperFix™ product is
limited in the manner in which each of the two graft figaments can be manipulated
{requiring a substantially symmetrical and simultaneouns placement, tensioning, and
agchoring of these two grafl ligaments) and in aligning the bundles to replicate the
placement of a native ACL within a single tunnel, Therefore, the graft ligaments
used with currently available double- or single-tunuel svstems do pot, and cannot,
accurately approximate the complex and individually varying mechanical

interactions of the anteromedial and posterolateral bundles of a native ACL.

Summaryv of the Invention

In an embodiment of the present invention, an apparatus for anchoring at
feast two graft Hgaments within a longitudinal bone tunnel is described, A
longitudinal sleeve has at least two radially spaced ligament-contacting surfaces
focated in lateral opposition to a sleeve inner lumen. The sleeve is configured for

at least partial insertion into the bone tunnel with each graft Hgament positioned
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laterally adjacent a different ligament-contacting serface. The graft Hgaments are
at Jeast partially located between the bone tunnel and the sleeve. An actuating
member has longhudinally separated proximal and distal actaating member ends,
An asymmetrically offset profile is defined by at least one of the sleeve and the
actuating member. The asymmetrically offset profile has a plurality of
longitudinally spaced engagement thresholds. The actuating member 1y ingerted
longiudinally into the sleeve to cause frictional engagement of each graft ligament
with both the bone tunnel and at least one ligament-contacting surface. The
frictional engagement of each graft ligament is temporally spaced apart from the
frictional engagement of at least one other graft ligament. The temporal spacing is
provided by the plurality of engagement thresholds,

Irt an ernbodinernt of the present invention, a method of anchoring at least
two longitudinally extending graft ligaments within a bone tunnel during
replacement of a native ACL is desoribed. A first graft ligament is extended
longitadinally through the bone tunnel. A second graft ligament is extended
longitudinatly through the bone tunsel at a location radially spaced apart from the
first graft ligament. A sleeve is provided, the sleeve having a slesve outer surface
and longitudinally separated proximal and distal sleeve ends with a slesve fner
humen extending therebetween. The sleeve is placed longitudinally within the
bone tunmel with at least a portion of each of the first and second graft ligaments
being located laterally between the sleeve ouler surface and the bone tunmel. An
actuating member is provided, the actuating member having an sctuating member
outer surtace and longitudinally separated proximal and distal actuating member
ends. An asvmmetrically offset profile is defined in the longitudinal direction with
at least one of the sleeve inner lumen and the actuating member outer surface. The
asymmetrically offset profile defines longitudinally spaced first and second
engagement thresholds. At least a portion of the actuating memberis
fongitudinally insevted into the sleeve foner fumen. The actuating member is
advanced distally into the sleeve inner lumen. A Srst predetermined tensile force
is applied to the first graft ligament. The actuating member is advanced with
respect to-the sleeve, bringing at least a portion of both the actuating member and

the sleeve laterally adjacent to the first engagement threshold to cause the first
® o ot e
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graft Hgament to frictionally engage the sleeve outer surface and the bone tunnel.
A second predetermined tensile force s applied to the second graft ligament. The

actuating mernber is advanced with respect to the sleeve, bringing at least a portion
of both the actuating member and the sleeve laterally adjacent to the second
engagement threshold to cause the second gralt ligament to frictionally engage the
sleeve ouler surface and the bone tunuel afier the first grafl lgament has
frictionally engaged the sleeve outer surface and the bone tunnel

in an embodiment of the present invention, a sequentially-actuated graft
anchor system for use in anchoring at feast two {ongitudinally extending graft
ligaments within a bone tunnel during replacement of a native antevior cruciate
ligament ("ACL"} is described. A sleeve has a sleeve outer surface and
fongitudinally separated proximal and distal sleeve ends with a sleeve inner hunen
extending therebetween. The sleeve defines a longitudinal axis, and the sleeve is
adapted for longitudinal placement within the bone tunnel with at least a portion of
the at least two graft ligaments being located laterally between the sleeve outer
surface and the bone tunmel. An actuating member has an actuating member outer
surface and longitudinally separated proximal and distal actuating member ends,
At least a portion of the actuating member is adapted for selective longitudinal
insertion into the sleeve inner hunen. At least one of the sleeve inner lumen and
the actuating member outer surface defines an asymmetrically offset profile in the
longitudinal direction. The asymmetrically offset profile has longitudinally spaced
first and second engagement thresholds. Distal advancement of the actuating
member into the sleeve inner lumen with respect 1o the sleeve, bringing at least a
portion of both the actuating member and the sleeve laterally adiacent to the first
engagement threshold causes & fivst one of the at least two graft ligaments to
frictionally engage the sleeve outer surface and the bone tunnel before distal
advancement of the actuating member into the sleeve inner lumen with respect to
the sleeve, bringing at least a portion of both the actuating member and the sleeve
laterally adjacent to the second engagement threshold causes a second one of the at
least two graft ligaments to frictionally engage the sleeve outer surface and the

bone tunnel.
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Brief Description of ihe Drawings

For a better understanding of the invention, reference may be made to the
accompanying drawings, in which:
Fig. 1A is a schematic top view of an embodiment of the present invention
3 in a first condition;
Fig. 1B is a cross-section taken along line 1B-1B of Fig. 1A;
Fig. 1€ is a cross~-section taken along line 1C-1C of Fig. 14;
Fig. 1D is a top view of the embodiment of Fig. 14;
Fig. 1E is a cross-section taken along fine 1E-1E of Fig. 1Dy
10 Fig. 1F is a cross-section taken along fine 1F-1F of Fig. 1D
Fig. 1G s a side view of the embodiment of Fig, 1D;
Fig. 1H is a perspective view of the embodiment of Fig. ID;
Fig. 2A is a schematic top view of the embodiment of Fig. 1A in a second
condition;
15 Fig. 2B Is a cross-section taken along line 2B-2B of Fig. 24;
Fig. 2C i5 a cross-section taken along line 2C-2C of Fig. 2A;
Fig. 3A is a schematic top view of the embodiment of Fig. 1A in a third
condition;
Fig. 3B is a cross-section taken along line 3B-3B of Fig. 3A;
20 Fig. 3C is a cross-section taken along lne 3C-3C of Fig. 34;
Fig. 4 is an exploded schematic view of an embodiment of the present
invention;

Fig. 3 is an exploded schematic view of an erbodirent of the present

invention;
25 Fig. 6 is an exploded schematic view of an embodiment of the present
nvention;
Fig. 7A is a schematic top view of an embodiment of the present invention
in a first condition;
Fig. 7B is a cross-section taken along line 7B-7B of Fig. 74,
30 Fig. 84 is a schematic top view of the embodiment of Fig. 7A in a second

condition:
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Fig. 8B is a cross-section taken along line 8B-8B of Fig. 84;
Fig. 9A 15 a schematic top view of the embodiment of Fig. 7A i a third
condition; and

Fig. 9B 15 a cross-section taken along line 9B-9B of Fig. 9A.

3 Bescription of Embodiments

In accordance with a first embodiment of the present invention,
Figs. 1A, 1B, IC, 24, 2B, 2C, 3A, 3B, and 3C schematically depict an
apparatus 100 for anchoring at least two graft ligaments 102 and 104 within a
longitudinal bone tunnel 106, More specifically, the apparatas 100 can be a
H sequentially-actuated graft anchor system 100 for use in anchoring at least two
longitudinally extending graft ligaments 102 and 104 within a bone tuanel 106
during replacement of a native anterior cruciate ligament (“ACL™), and will be
discussed as such herein. However, one of ordinary skill in the art will recognize
that the apparatus 100 may be useful for sequentially anchoring any plurality of
clongate strands within an aperture. For example, the apparatus 100 may be used
to anchor a plurality of longitudinally extending graft ligaments within a bone
tunnel doring replacement of 3 native posterior cruciate ligament.
A longitudinal slecve 108 has a sleeve outer surface 110 and longitudinally
separated proximal and distal sleeve ends 112 and 114, respectively. (Element
20 numbers are omitted from several of Figs. 14, 1B, 1€, 2A, 2B, 2C, 3A, 3B, and 3C
for clarity of depiction.) A sleeve nuer lumen 116 extends between the proximal
and distal sleeve ends 112 and 114, The sleeve 108 defines a longitudinal
axis 118. The sleeve 108 is adapted for longitudinal placement within the bone

tunne! 106 with at least a portion of the at least two grafl hgaments 102 and 104

2
LM

located laterally (as shown by lateral direction arrow 120) between the sleeve outer
surface 110 and the bone twnnel 106, The term “lateral” is used herein to reference
a direction substantially perpendicular to the longitudinal axis 118,

Optionally, and as shown in Figs. 1A, 2A, and 3A, the sleeve 108 may
inclade at least two radially spaced ligament-contacting surfaces, with first and
30 second ligament-contacting surfaces 122 and 124, respectively, being spaced

radially apart as shown by radial direction arrow [26. The term “radial” is used
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herein to reference a direction concentric to the longitedinal axis 118. The first
and second ligament-contacting surfaces 122 and 124, when present, may be
tocaied ou the sleeve 108 in lateral opposition to the sleeve inner lumen 116. The
first and second ligament-contacting surfaces 122 and 124 may include
texturization (e.g., grooves or dappling), adhesives, guide structures, different
materials from other portions of the sleeve 108, or otherwise may be differentisted
from remaining portions of the sleeve outer surface 110. In the depicted
embodiment of Figs. 14, 24, and 3A, cach grafl ligament 102 and 104 is
positioned laterally adjacent a different one of the first and second ligament-
contacting surfaces 122 and 124, The graft ligaments 102 and 104 thus are #t feast
partially located between the bone tunnel 106 and the sleeve 108 when the sleeve
is at least partiafly inserted into the bone tunnel 106, Regardless of whether a
defined ligament-contacting surface is defined on a particularty discussed

sleeve HIB herein, however, at feast a postion of the sleeve outer surface 110 will
be operative as described to contact the graft Hgaments 102 and 104 as desired.

As shown in Figs. 18, 1C, 2B, 2C, 3B, and 3C, an actuating member 128
may be provided, the actuating member having longitudinally separated proximal
and distal sctuating mermber ends 130 and 132, respectively, and an actuating
member outer surface 134, At feast a portion of the actuating member may be
adapted for selective longitudinal insertion into the sleeve inner lumen 116. At
least one of the sleeve 108 and the actuating member 128 may have a cross-
sectional footprint that is substantially at least one of circular, elliptical,
curvilineay, and Hnear. The term “cross-sectional footprint” is nsed herein to
indscate a sithouette or projection of all or a portion of the indicated structure, as
taken in an orientation perpendienlar to the longitudinal axis 118, Figs. 1D, IE,
¥, 1G, and 1H depict the apparatus 100 of Fig. 1A in three-dimensional form,
with each of these Figures taken from a different vantage point.

Figs. 4-6 depict exploded schematic views of several optional
configurations of sleeve 108 and actuating member 128 pairs which could be used
with the apparatus 100. For example, the sleeve 108” of Fig. 4 includes a plurality
of longitudinally extending sleeve segment members 436, with each sleeve

segment member including a portion of the sleeve outer surface 110 and defining
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a portion of the sleeve inner lumen 1167, Each of the sleeve segment members 436
can be configured to selectively frictionally engage a different praft ligament (not
shown}. This frictional engagement is opticnally accomplished through the use of
first and second ligament-contacting surfaces 1227 and 124°, which are laterally
spaced from the sfeeve inuer lumen 118°. In the sleeve 108" of Fig, 4, the phurality
of sleeve segment members 436 are spaced radially apart by at least ong
longitudinal aperture 438, and each of the sleeve segment members is connected to
a sleeve aggrogating reember 440, here located at the proximal sleeve end 112, 1o
form the sfeeve 1087, As shown, the sleeve segment members 436 are formed
integrally with the sleeve aggregating member 440, but the sleeve 108 could
instead be constructed in any suitable manner from separately provided
components. In use, the sleeve segment members 436 can flex relative to one
another under proximal constraint by the sleeve aggregating member 440, the
utitity of which will become apparent below,

QOptionally, the longitudinal apertures 438 may be at least partially filled
with a flexible, resiliont, elastically deformable, compressible, and/or expandable
material to form an expansion joint (not shown). When a material is provided to
connect adfacent sleeve segment members 436 and bridge scross at least a portion
of the intervening longitudinal aperture 438 via an expansion joint arrangement,
the sleeve aggregating member 440 may be omitied from the sleeve 1087 as being
unnecessary 10 hold the sleeve segment members ogether.

The sleeve 1087 of Fig. 5 is an example of a stvle which does not have
specific ligament-contacting surfaces (though such could be provided in an
alternate embodiment, not shown, of the sleeve of Fig. 3). Instead, because at least
a portion of the outer sleeve surface 1107 reflects the shape of the bons tunnel (not
shown, but presumed here to be cylindrical), the graft ligaments may be placed in
any relationship 1o the outer sleeve surface 11077 which will facilitate the desired
anchoring. In the embodiment of Fig. 3, the outer sleeve surface 1107
configared to provide a cylindrical aspect to the sleeve 1087 corresponding to that
of the presumed bone tunnel. Because the depicted sleeve 108 does not nchude
longitudinal apertures or other means for facilitating lateral expansion, the sleove

of Fig. § may be made of a flexible and optionally resilient, compressible, and/or
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elastically deformable material, such as, but not imited to, a rubber or plastic
material of any soitable type. Optionally, an inner lumen liner 542 of a more-rigid
material may be provided to facilitate ransfer of forces between the actuating
member 128" and the outer sleeve surface 1107, as discussed below.

Fig. & depicts a sleeve 108" which is stmilar to that of Fig, 4 but includes
an additional sleeve segment member 436", In the Fig. 6 embodiment, the
structure and function are simifar fo those described for the Fig. 4 embodiment,
which will not be repeated here, but three ligament-contacting surfaces {all
fabeled 12277 for clarity) are available for use. Any number of the ligament-
contacting surtaces can be used to anchor a suitable number of graft ligaments in
the manner described below, and the number of Hgament-contacting surfaces for
any embodiment of the present invention is not necessarily equal to the number of
graft ligaments being anchored.

While Figs. 4-6 depict examples of apparatuses 10, 1007, and 1007
which include various combinations of features and structures, there is no Hmit
placed on the number, type, structure, or any other characteristics of the elements
which may be combined for use in the present invention. Additionally, each
ligament-comtacting surface in any embodiment of the present invention may be
used to anchor zero, one, or more than one graft ligament during use of that
ernbodiment.

With reference once again, 1o Figs. 1A, 1B, 1€, 2A, 2B, 2C, 34, 3B,
and 3C, and regardless of the speeific structure or design of the apparatus 100, a
sleeve thickness 144 may be defined between the sleeve outer surface 110 and the
sleeve inner lumen 116, The sleeve thickness 144 corresponds (0 a laterally
measured amount of sleeve 108 material and may be taken at any point radiafly
around the circumference of the sleeve or longitudinally along the length of the
sleeve. Bach grafi ligament 122 and 124 may be located laterally adjacent at feast
a portica of a graft ligament position 146 defined on the sleeve outer surface 110,
with the graft ligament positions 146 being optionally associated with one or move
ligament-contacting surfaces 122 and 124, when present. The sleeve thickness 144
may be a minimum sleeve thickness (disregarding any longitudinal apertures or

other localized voids on the sleeve 108) at the graft ligament positions 146, The
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sleeve thickness 144 may also or instead be a maximum sfeeve thicknessat a
location substantiaily radially equidistant from each of the graft higament
positions 146, Thus, the sleeve thickness 144 may be used by one of ordivary skill
in the art as a tool to quantily and design a sleeve 108 having desived thickness
properties for a particular application of the present invention.

At least one of the sleeve 108 and the actuating member 128 may define an
asyrametrically offset profile, the asvimmetrically offset profile being located at the
sleeve-actuating member interface and having a plurality of longitudinally spaced

engagenment thresholds. The phrase “asymmetrically offset”™ is used herein to
indicate an arrangement wherein a plurality of abrupt changes in the profile of the
“ottset” structure are located on opposite sides of a dividing line or median plane
or about a center or axis, without a correspondence in relative position, For
example, and returning to Figs. 14, 1B, 1€, 24, 2B, 2C, 34, 3B, and 3C, at jeast
one of the sleeve tnner lumen 116 and the actuating member outer surface 134 may
define the asymmetrically offset profile in the longitudinal direction, with the
asymmetrically offset profile having longitudinally spaced first and second
engagement thresholds 148 and 150, respectively. It is cortenplated that the
asymmetrically offset profile is not necessarily asyvoumnetrical in every conceivable
orientation, but that the asymmetry In & particolar orientation of interest, such as
those shown in the Figures, is sufficient to create the effects and functions
described herein.

As is shown in at least Figs. 1C, 2C, and 3C, the asymmetrically offset
profile may include at least one shoulder {(two shoulders 152 and 134 shown)
defining at least one of the first and second engagement thresholds 148 and 150.
The shoulder(s) 152 and 154, when present, are located on a chosen oune of the

sleeve inner luren 116 and the actuating member outer surface 134, The
shoulder(sy 1532 and 154 then interact with the other one of ihe sleeve Inner
fumen 116 and the actuating member outer surface 134 to move the sleeve outer
surface 110 laterally outward and into frictional engagement with at least one graft
ligavoent 102 and 104, This interaction is prompted and/or caused by relative
movement of the actuating member 128 and the sleeve 108, as discussed in detail

below. The shoulder(s) 132 and 154 may be angalar, curved, curvilinear, or any
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other shape and ray be formed on the chosen one of the sleeve tner lumen 116
and the actuating member cuter surface 134 in any suitable manner.

The embodiment of the present invention shown in Figs. 1A-3C has an
asynumetrically oftset profile defined by the sleeve inner lumen 116, The first
engagement threshold 148 is defined by a first shoulder 152 extending laterally
inward toward the longitadinal axis 118§ at a first radial location, and the second
engagement threshold 130 is defined by a second shoulder 154 extending laterally
inward toward the longitudinal asis, oplionally at a second radial location. The
second radial {ocation, when present, s longitudinally and radialiy spaced from the
{irst radial location, as is readily apparent from at least Fig. 1C. Optionally, and as
#s the case with the embodiment of Figs. 1A-3C, the second radial Jocation may be
tocated radially opposite the first radial location about a circumference of the
sleeve 108. However, the first and second radial tocations will generally bear a
direct relationship to the desired placement of the graft licaments 102 and 104
about a circumference (when curvilinear) or other inner perimeter shape of the
bone tunnet 106. Tt is contemplated that additional shoulders {not shown)
corresponding to additional engagement thresholds (not shown) may be present
when more than two graft ligaments are to be anchored, and, depending upon the
planned securement, the second shoulder 154 could serve to reinforce the
anchoring provided by the first shoulder 152, For example, and as shown in
Fig, 1E, the second shoulder 154 could extend around a substantial portion of the
sleeve tnner lumen 116, One of ordinary skill in the art can readily provide an
asyinroetrically offset profile to at least one of the sleeve inner lusaen 116 and
actuating member outer surface 134 which will anchor the graft gaments in the
desired sequence,

The sleeve 108 depicted in Figs. 1A-3C is an elastomeric or otherwise at
least partially resilient sleeve which allows the material of the sleeve to be
compressed by the actuating member 128 such that the sleeve expands laterally 1o
frictionally engage the graft ligaments 102 and 104 without & corresponding lateral
contraction elsewhere around the sleeve circumberence {(especially shown in
Figs. 1A, 24, and 3A). However, the sleeve 108, actuating member 128, or any

other structures of the present invention could be made of any suitable material or
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combination of material having desired properties for a particular application of the
present invention,

Optionatly, and as discussed above with reference to Fig. 3, a one-piece or
muiltiple-piece inner lumen liner {not shown in Figs. 1A-3C) may be located in the
sleeve mner lumen 116 to focilitate force transfor between the actuating
member 128 and sleeve 108.

In the embodiment of Figs. 1A-3C, a substantially straight-sided actuating
member 128 interacts with an asymmetrically offset profile on the sleeve ber
fumen 116. In contrast, Figs. 7A-9B schematically depict an apparatus 100b
according to a second embodiment of the present Invention.

The apparatus 100b of Figs. 7A-9B is similar to the spparatus 100 of
Figs. 1A-3C and therefore, structures of Figs. 7A-9B that are the same as or similar
to those described with reference to Figs. 1A-3C have the same reforence numbers
with the addition of the suffix “a”. Description of common elements and operation
similar to those in the previously described tirst embodiment will not be repeated
with respect to the second embodiment. In the embodiment of Figs. 7A-9B, the
sleeve 108 is more rigid than in the previously deseribed embodiment and the
asymmetrically offset profile is on the actuating member outer surface 134h.
Accordingly, the first and second engagement thresholds 148b and 150b are
defined by first and second shoulders 152b and 154D on the actuating
menber {28b. Interaction befween the actuating member 128b and the sleeve 108
pushes the sleeve outer surface 110b laterally outward and into frictional
engagement with the graft Hgaments 102b and 104b in a similar manner to that
described below with reference 1o the first embodiment. While the sleeve 108 in
the top views of Figs. 7A, 8A, and 9A is depicted as having a lateral gap between
two opposed ligament-contacting sides, it is contemplated that a flexible sheath,
sleeve aggregating member, or other unifying structure (not shown) conld be
provided to facilitate handling and installation of the depicted sleeve,

The tirst embodiment of Figs. 1A-3C is used bere 10 illastrate a described
method of anchoring at least two longitndinally extending graft ligaments 102
nd 104 within a bone tunnel 106, with replacement of a native ACL being the

example application for the method. To prepare for the anchoring and bring the



WO 2010/124088 PCT/US2010/032051

10

o)
L3

REN

apparatus 100 mto the arrangement of Figs. 1A-1C, the first graft ligament 102 is
extended longitudinally through the bone tunnel 106, and the second graft
Ligament 104 is extended longitudinally through the bone tunuel at a location
radially spaced from the first graft ligament. The sleeve 108 is placed
longitudinally within the bone tunnel 106 with at least a portion of each of the first
and second graft ligaments 102 and 104 being located faterally between the sleeve
outer surface 110 and the bone tunnel. Optionally, the first and second graft
tigaments 102 and 104 may respectively be located lateraily between first and
second figament-contacting surfaces 122 and 124 and the bone mnnel 106,

Once the graft ligaments 102 and 104 and sleeve 108 are arranged within
the bone tunnel 106, at least a portion of the actuating member 128 is
longitudinally inserted into the slegve inner lumen 116, The actuating member 128
i3 then advanced distally into the sleeve inner lumen 116, with respect to the
sieeve 108, in any suitable manner. For example, the actuating member 128 may
threadably engage with the skeeve nner lumen 116, as shown in Figs. 14-3C, to
produce the claimed distal advancement of the actuating member into the sleeve
inner lumen. As another example, the actuating member 128h may slidably
engage with the sleeve inner lumen 116b, as shown in Figs. 7A-9B, to produce the
clatmed distal advancement.

Regardless of the way i which the actuating member 128 is advanced
distally into the slesve inner fumen 116, the aser applics a first predetermined
force, which will normally be a tensile force, to the first graft ligament 102 before
anchoring. In an ACL replacement procedure, this force may correspond to the
force exerted on/by the first bundle of a native ACL. Once the first graft
ligament 102 has been adjusted as desired, the actuating member 128 is advanced
distaily across the first engagement threshold 148 to cause the first graft Hgament
to frictionally engage the sleeve outer surface 110 and the bone wnnel 106. More
particularly, in the embodiment of Figs. 1A-3C, as the actuating member 128
reaches the first engagement threshold 148, at least a portion of both the actuating
member and the sleeve 108 become laterally adjacent to the first ensagement
threshold 148. In this arrangement, the distal actuating member end 132 presses

against the first shoulder 1352 and thus presses at least a local portion of the
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sleeve 108 outward to engage the first graft Hgament 102 as described. At this
point the apparatus 100 is in substantially the position depicted schematically in
Figs. 2A-2C, with the first graft Hgament 102 anchored.

The actuating member 128 is then advanced further distally in any suitable
manner and the body of the actuating member partiaily blocks the sleeve inner
tumen 116 and thus provents the laterally expanded portion of the sleeve 108 (ie.,
the portion pressed laterally outward toward the first graft ligament 102) from
reverting to an origmal position. At any time before, during, or after the first graft
ligament 102 is anchored, the user applies a second predetermined force, which
will normally be a tensile force, to the second graft lisament 104 before anchoring,
In an ACL replacement procedure, this force may correspond to the force exerted
onfby the second bundle of a native ACL. Once the second grafi ligament 104 has
boen adjusted as desived, the sctuating member 128 is advanced distally across the
second engagement threshold 150 o cause the second grafl igament to frictionally
engage the sleeve outer surface 110 and the bone tunnel 106, More particularly, in
the embodiment of Figs. 1A-3C, as the actuating member 128 reaches the second
engagement threshold 150, at lsast a portion of both the actuating mentber and the

gement threshold 130, In

e

sleeve 108 become laterally adjacent to the second enga
this arrangement, the distal actuating member end 132 presses against the second
shoulder 134 and thus presses at least a local portion of the sleeve 108 outward to
engage the second graft ligament 104 as desoribed. At this point the apparatus 100
is in substantially the position depicted schematically in Figs. 3A-3C, with the first
and second graft ligaments 102 and 104 anchored.

It should be noted that the frictional engagement of each of the first and
second graft ligaments 102 and 104, and indeed of any other provided graft
ligaments {not shown), with both the bone tunnel 106 and the sleeve 108
{optionally at a ligament-contacting surface) is teraporally spaced apart from the
frictional engagement of at least one other graft ligament with the bone tunnet 106
and the sleeve 108, This temporal spacing is provided by the engagement
thresholds associated with each of the graft Higaments, and can be controlled by
one of ordinary skill in the art through placement and design of the engagement

thresholds.
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Optionally, and as shown in Figs. 1A-3C, the actuating member 128 may
advance substantially laterally symmetrically along the longitudinal axis 118
concurrently with lateral movement of at least a portion of the sleeve 108 away
from the longitudinal axis as the actuating member crosses the first and second
engagement thresholds 148 and 138 while traveling in the distal direction. o other
words, the actuating member 128 is advanced (e.g., via the threaded engagement of
Figs. 1A-3C) in a manner which appears linear from the frame of reference of the
bone tunnel and pushes various portions of the sleeve 108 successively outward
through engagement of the distal actuating member end 132 with the first and
second shoulders 152 and 154, This situation is most likelv to necur when the
asypmnetrically offset profile is on the sleeve inner fumen 16, as opposed to the
actuating member outer surface 134, and may be facilitated by the choice of a
sleeve 108 material which has the desired rigidity and compressibility properties to
accomplish the anchoring ina suitable manner,

While the above description uses the first embodiment of Figs, 1A-3C as an
example, one of ordinary skill in the art can readily translate the described events
to an embodiment, such as the second embodiment showan in Figs. 7A-9B, having
the asymmetrically offset profile located on the actuating mewmber 128, In this
latter configuration, the tempuoral spacing of the anchering of the first and second
graft members 102 and 104 is also provided by the engagement thresholds: the
engagement thresholds are merely located on a different portion of the
apparatus 104 than in the first epobodiment of Figs. 1A-3C.

In configurations of the sleeve 108 including sleeve segment members 436,
such as those of Figs. 4 and 6, the first and second {and any additionally mrovided)
shoulders 152 and 134 may cach be associated with a sleave segment member.
During deployment of apparatuses having these or similar configurations, the
actuating wember 128 may flex the sleeve segment members 436 nutward and into
frictional engagement with associated gralt ligaments 102 and 104 through
pressure of the distal sctuating member end 132 on the first and second
shoulders 132 and 154,

Though the abave description refers to the sleeve 108 as being “expanded”

into contact with the first and second graft ligaments 102 and 104, one of ordinary
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skill in the art will recognize that various radially spaced portions of the sleeve
may be laterally moved and/or shifted into engagement with the fivst and second
graft Higaments and/or the bone tunnel in various ways; depending upon the
material and structure of the sleeve, and the interrelations of the asymmetrically
offset profile with the other portions of the apparatus 100. The sleeve 108 may be
a unitary piece or may be formed of separate component parts, One of ordinary
skill 1n the art will alse be readily able to provide an elastically or plastically
deformable sleeve 108 and control the interaction of various portions of the
apparatus 100 to anchor the first and second graft ligaments 102 and 104
accordingly:

While aspects of the present invention have been particularly shown and
described with reference to the preferred embodiment above, it will be understood
by those of ordinary skill in the art that various additional embodiments may be
contemplated without departing from the spirit and scope of the present invention.
For example, the specific method described above for installing the apparatus 100
is mevely ilustrative; one of ordinary skitl in the an could readily determine any
nimber of tools, sequences of steps, or other means/options for placing the
apparatus, or components thereof, into positions substantively similar to those
shown and described herein, Any of the described structures and componerts
could be integrally formed or separately provided of any suitable material or
combinations of materials; however, the chosen material(s) should be
biocompatible for most applications of the present invention. Though certain
components deseribed herein are shown as having specific geometric shapes {e.g.,
the cylindrical sleeve 108" and actuating member 128 of the Fig. 5
embodiment}, all structures of the present invention may have any suitable shapes,
sizes, configurations, relative relationships, cross-sectional areas, or anyﬁther
physical characteristics as desirable for a particular application of the present
mvention. The apparatus 100 could be configured to collapse and deploy in any
suitable manner. The apparatus 100 could have a structure, or portions thereof,
with inflation/expansion, pliability, rigidity, solidity, hollowness, or any other
physical properties as desirved for a particular application of the present invention.

The apparatus 100 may be placed at the anchoring site in any suitable manser; for
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example, portions of the apparatus could be placed via open surgery andfor
advanced through a previously installed sheath, trocar, or tube which terminates
near the anchoring site. The inner lumen finer 542, when present, may be shaped
to melude the asymmetrically offset profile and transfer forces from the actuating
menber 128 to the sleeve outer surface 110 to anchor a plurality of graft igaments.
A description of a “clroumference™ or “radial” direction with reference to g
curvilinear structure should be interpreted as meaning an analogous feature or
direction for a structure which includes non-curvilinear portions. When there are
more than two graft ligaments (o be anchored, the asyrometrically offset profile
may include some symmetries which allow more than one, but not all, of the graft
Higaments to be frictionally engaged at substantially the same time. Any portion of
the sleeve outer surface 110 may conform to the shape of the adjacent bone

twonel 106 to any degres, during any stage of the deployment and use of the
apparatus 100, as desived by the user, and the material of the sleeve 108 may be
chosen o create a desired degree of conformation. Af least a portion of the
actuating member 128 may be longitudinally inserted into the sleeve inner

humen 116 at any time before, while, or after the graft ligaments 102 and 104 and
sleeve 108 are arranged within the bone tunnel 106, An external tool or structure
{not shown) may be used to manipudate andfor steady one or both of the sleeve 108
and actuating member 128 during use. Sleeve aggregating members 440 could be
located at either or both of the proximal and distal sleeve ends 112 and 114 for an
gpparatas 100 having a plurality of sleeve segment members 436. A device or
methed incorporating any of these features should be understood to fall under the
scope of the present invention as detérmined based upon the claims below and any
equivalents thercofl

Cther aspects, objects, and advantages of the present invention can be

abtained trom a study of the drawings, the disclosure, and the appended claims.
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Having described the invention, we ¢laim:

L. An apparatus for anchoring at least two graft ligaments within a
longitudinal bone tunnel, the apparatus comprising:

a longitudinal sleeve having at feast two radially spaced ligament-
contacting surfaces located in lateral opposition to a slesve inner lunmen, the sleeve
being configured for at least partial insertion into the bone tunnel with each graft
ligament positioned {aterally adjacent a different ligament-contacting surface, the
graft ligaments being at least partially located between the bone tunnel and the
sleave;

an actuating meraber having longitudinally separated proximal and
distal actuating meniber ends; and

an asymmetrically offset profile defined by at least one of the slesve
and the actusting member, the asymmetrically offset profile having a plurality of
fongitudinally spaced engagement thresholds; wherein

the actuating member is inserted longitndinally into the sleeve to
cause frictional engagement of each graft Hgament with both the bone tunmel and at
least one ligament-contacting surface, the frictional engagement of sach graft
ligament being temporally spaced apart from the frictional engagement of at least
one other grafl ligament, the temporal spacing being provided by the plurality of

engagement thresholds.

2. The apparstus of claim 1, wherein relative distal advancement of the
distal actuating member end with respect to the sleeve bringing at least a portion of
both the actuating member and the sleeve laterally adjacent to a first engagement
threshold of the plurality of engagement thresholds causes 8 first one of the at least
two graft Hgaments to fictionally engage an associated Hgament-contacting
surface and the bone tuanel before distal advancement of the distal actuating
member end brings a portion of both the actuating member and the sleeve laterally
adjacent to a second engagement threshold of the plurality of engagement
thresholds, causing a second one of the at least two graft Hgaments to frictionally

engage an associated ligament-contacting surface and the bone tuanel.
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3. The apparatus of claim 1, wherein at least two ligament-contacting
surfaces are spaced radially apart by at least one longitudinal apertare, and each of
the Hgament-contacting surfaces is connected to a sleeve aggregating member to

form the sleeve,

4. The apparatus of claim 1, wherein the asymmetrically offset profile
inctudes at least one shoulder defining at Jeast one of the first and second
engagement thresholds, the at least one shoulder being located on a chosen one of
the sleeve and the actuating member, and the at least one shoulder interacting with
the other one of the skeeve and the actuating member to move at least one
ligament-contacting surface latexally outward and into frictional engagement with
at least one graft ligament when the sleeve and the aciuating member become

located latevally adjacent tov the associated engagement threshold.

5. The apparatus of claim 1, wherein the sleeve defines a fongitudinal
axis, the asymmetrically offset profile is defined by the sleeve inner lumen, the
first engagement threshold is defined by a first shoulder extending laterally inward
toward the longitudinal axis at a first radial location, and the second engagement
threshold is defined by a second shoulder extending laterally inward toward the
longitudinal axis at a second radial location, the second radial location being

longitudinally and radially spaced apart from the first radial location.

. The apparatus of claim 1, wherein the actuating member threadably
engages with the sleeve inner fumen to produce distal advancemens of the

actuating member into the sleeve inner lumen.

7. The apparatus of claim 1, wherein the sleeve defines a longitudinal
axis, and the actuating member advances laterally symmetrically along the
longiindinal axis concurrently with lateral movement of at least one ligament-
contacting surface away from the longitadinal axis as the actuating member
successively actuates the first and second engagement thresholds in the distal

direction.
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8. A method of anchoring at least two longitudimally extending graft
figaments within a bone tunnel during replacement of a native ACL, the method
comprising the steps of!

extending a first graft lgament longitudinally through the bone
tunnel;

extending a second graft ligament longitndinally through the bone
tunniiel at & location radially spaced apart from the first graft ligament;

providing a sieeve having a sleeve outer surface and longitudinally
separated proximal and distal sleeve ends with a sleeve inner lumen extending
therebetween;

placing the sleeve longitudinally within the bone tunnel with at least
a portion of each of the first and second graft ligaments being located laterally
between the sleeve outer surface and the bone tunuel;

providing an sctuating member having an actuating member outer
surface and lopgitudinally separated proximal and distal actuating member ends;

defining an asymmetrically offset profile fn the longitudinal
direction with at least one of the sleeve inner lumen and the actuating member

puter surtiice, the asynumetrically offset profile defining longitudinally spaced first
and second engagement thresholds;

longitudinally inserting at least a portion of the actuating member
into the sleeve inner lumen;

advancing the actuating member distally into the steeve inner
fumen;

applying a first predetermined tensile force to the first graft
Hgament;

advancing the acluating member with respect to the sleeve, bringing

o

at feast a portion of both the actuating member and the sleeve laterally adjacent to
the first engagement threshoeld to cause the first graft ligament to frictionally
engage the sleeve outer surface and the bone tunnel;

applying a second predetermined tensile force to the second gralt

ligament; and
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advancing the actuating member with respect to the sleeve, bringing
at least a portion of both the actuating member and the slesve laterally adjacent to
the second engagement threshold to cause the sccond graft Bgament to frictionally
engage the sleeve outer surface and the bone tunnel afier the first graft Hgament

has frictionally engaged the sleeve outer surface and the bone funnel.

9. The method of claim 8, wherein the step of providing a sleeve
having a sleeve outer surface and longitudinally separated proximal and distal
slgeve ends with a sleeve inner lumen exiending therebetween includes the step of
providing a sleeve having a sleeve outer surface cooperatively defined by a
plurality of longitudinally extending sleeve segment members separated by radially
spaced longitudinal apertures, each sleeve segment member being configured to

frictionally engage a different graft ligament.

10, The method of claim &, wherein the step of defining an
asymmetrically offset profile in the longitudinal direction with at least one of the
sieeve inner lumen and the actuating member outer surface, the asymmetrically
otiset profile defining longitudinally spaced first and second sngagement
thresholds tncludes the steps of!

providing the asynunetrically offset profile with at least one
shoulder defining at least one of the first and second engagement thresholds:

locating the at least oue shoulder on a chosen one of the sleeve inner
fumen and the outer actuating member;

moving the sleeve outer surface laterally ontward and into frictional
engagement with at least one graft Hgament by interaction of the at least one
shoulder with the other one of the sleeve funer lumen and the actuating member

cuter surface.
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ii. The method of claim 8, including the step of advancing the
actuating member symmetrically along the longitudinal axis concurrently with
jateral movement of at leasta portion of the sleeve relative to the longhudinal axis
as the actuating member and the sleeve become laterally adjacent to the first and

second engagement thresholds,

12, A sequentially-actuated graft anchor system for use in anchoring at
feast two longitudinally extending graft ligaments within a bone tunnel during
replacement of a native anterior cruciate ligament (“ACL”), the graft anchor
system comprising:

a sleeve having a sleeve outer surface and longitudinally separated
proximal and distal sleeve ends with a sleeve inner lumen extending therebenween,
the sleeve defining a longitudinal axis, and the sleeve being adapted for
longitudinal placement within the bone tunnel with at least a portion of the at least
two graft Heaments being located Jaterally between the sleeve outer surface and the
bone tunnel; and

an actuating member baving an actuating member outer surface and
{ongitadinally separated proximal and distal actuating member ends, at least a
portion of the actuating member being adapted for selective fongitudinal insertion
into the sleeve laner lumen; wherein

at least one of the sleeve inner lumen and the actuating member
outer surface defines an asymmetrically offset profile in the longitudinal divection,
ihe asvnuvetricatly offset profile having longitudinally spaced first and second
engagement thresholds; and wherein

distal advancement of the actuating member with respect to the
sleeve inrer lumen brings at feast a portion of both the sctuating member and the
sleeve laterally adjacent to the first engagement threshold, causing a first one of the
at least two graft Higaments to frictionally engage the sleeve owter surface and the
bone tannel before distal advancement of the actuating meraber with respect to the
stegve inner lumen brings at least & portion of both the actuating member and the

steeve laterally adjacent to the second engagement threshold | causing a second one



WO 2010/124088 PCT/US2010/032051

24

of the at least two graft ligaments to frictionally engage the sieeve outer surface

and the bone twnmel.

e
L

The sequentially-actuated graft anchor systern of claim {2, wherein

the sleeve includes a plurality of longitudinally extending sleeve seg

nent menbers
separated by radially spaced longitudinal apertures, each sleeve segment member
including a portion of the sleeve outer surface and defining a portion of the sleeve
mner lumen, and each sleeve segment mentber being configured to frictionally

engage a different graft Hgament,

4. The sequentially-actuated graft anchor system of claim 12, wherein
the asymmetrically offset profile includes at least one shoulder defining at least
one of the first and second engagernent thresholds, the at feast oue shoulder being
located on a chosen one of the sleeve inner lumen and the actuating member outer
surface, and the at least one shoulder interacting with the other one of the sleeve
inner tumen and the actuating member outer surface to move the sleeve outer
surface laterally outward and into fricional engagement with at least one graft

Ligament.

15, The sequentially-actuated graft anchor system of claim 12, wherein
the asymmetrically offset profile is defined by the sleeve inner lumen, the first
engagement threshold is defined by a first shoulder extending laterally inward
toward the longitudinal axis at a first radial location, and the second engagement
thresheld is defined by a second shoulder extending Iaterally inward toward the
longitudinal axis at a second radial focation, the second radial Jocation being

longitudinally and radially spaced apart from the first radial focation.

16,  The sequentially-actuated graft anchor sysiem of claim 135, wherein
the second radial location is located radially oppostte the first radial focation about

a circumierence of the sleeve.
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17.  The sequentially-actuated graft anchor system of claim 12, wherein
a sleeve thickness is defined between the sleeve outer surface and sleeve tmer
lumen, the graft ligaments are gach focated laterally adjacent a graft ligament
position, and the sleeve thickness is a minimuom sleeve thickness at the graft
ligament positions and is 3 maximam sleeve thickness at a location substantially
radially equidistant from each of the graft Hgament positions.

18, The sequentially-actuated graft anchor system of claim 12, wherein
the actuating member threadably engages with the sleeve mner lumen fo produce

distal advancement of the actuating member into the sleeve inner lumen.

19, The sequentially-actuated graft anchor system of claim 12, wherein
the actuating member advances laterally symmetrically along the longitudinal axis
concurrently with lateral movement of at least a portion of the slesve away from
the longitudinal axis as the actuating member crosses the frst and second

engagement thresholds in the distal direction.

20, The sequentially-actuated gralt anchor system of claim 12, wherein
at least one of the sleeve and the actuating member has a cross-sectional footprint

that is substantially at least one of circrlar, elliptical, curvilinear, aud linear.
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AMENDED CLAIMS

[received by the International Bureau on 16 August 2010 (16.08.10)]

Having described the invention, we claim:

1. An apparatus (100) for anchoring at least two graft
ligaments (102,104) within a longitudinal bone tunnel (106), the apparatus (100)
comprising:

a longitudinal sleeve (108) having at least two radially spaced
ligament-contacting surfaces (122,124) located in lateral opposition to a sleeve
inner lumen (116), the sleeve (108) being configured for at least partial insertion
into the bone tunnel (106) with each graft ligament (102,104) positidned laterally
adjacent a different ligament-contacting surface (1 22,124), the graft
ligaments (102,104) being at least partially located between the bone tunnel (106)
and the sleeve (108);

an actuating member (128) having longitudinally separated
proximal and distal actuating member ends (130,132); and

an asymmetrically offset profile defined by at least onc of the
sleeve (108) and the actuating member (128), the asymmetrically offset pfoﬁle
having a plurality of longitudinally spaced engagement thresholds (148,150);
wherein

the actuating member (128) is inserted longitudinally: into the
sleeve (108) to cause frictional engagement of each graft ligament (102,104) with
both the bone tunnel (106) and at least one ligament-contacting surface (122,124),
the frictional engagement of each graft ligament (102,104) being temporally
spaced apart from the frictional engagement of at least one other gre@ft
ligament (102,104), the temporal spacing being provided by the plurality of
engagement thresholds (148,150).

AMENDED SHEET (ARTICLE 19)
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2. The apparatus (100) of claim 1, wherein relative distal jadvancement
of the distal actuating member end (132) with respect to the sleeve ( 108) bringing
at least a portion of both the actuating member (128) and the sleeve (108) laterally
adjacent to a first engagement threshold (148) of the plurality of engagement
thresholds (148,150) causes a first one of the at least two graft ligaments (102,104)
to frictionally engage an associated ligament-contacting surface (122,124) and the
bone tunnel (106) before distal advancement of the distal actuating member
end. (132) brings a portion of both the actuating member (128) and the sleeve (108)
laterally adjacent to a second engagement threshold (150) of the plurality of
engagement thresholds (148,150), causing a second one of the at least two graft
ligaments (102,104) to frictionally engage an associated ligament-contacting
surface (122,124) and the bone tunnel (106).

3. The appatatus (100) of claim 1, wherein at least two ligament—
contacting surfaces (122,124) are spaced radially apart by at least oné longitudinal
aperture (438), and each of the ligament-contacting surfaces (122,1221) is

connected to a sleeve aggregating member (440) to form the sleeve (108).

4, The apparatus (100) of claim 1, wherein the asymmetrically offset
profile includes at least one shoulder (152,154) defining at least one of the first and
second engagement thresholds (148,150), the at least one shoulder ( i52,1 54) being
located on a chosen one of the sleeve (108) and the actuating membeér (128), and
the at least one shoulder (152,154) interacting with the other one of the
sleeve (108) and the actuating member (128) to move at least one ligament-
contacting surface (122,124) laterally outward and into frictional enéagement with
at least one graft ligament (102,104) when the sleeve (108) and the actuating
member (128) become located laterally adjacent to the associated eﬁgagement
threshold (148,150). ‘

AMENDED SHEET (ARTICLE 19)
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5.  The apparatus (100) of claim 1, wherein the sleeve (108) defines a
longitudinal axis (118), the asymmetrically offset profile is defined by the sleeve
inner lumen (116), the first engagement threshold (148) is defined by a first
shoulder (152) extending laterally inward toward the longitudinal axis (118)ata
first radial location, and the second engagement threshold (150) is defined by a
second shoulder (154) extending laterally inward toward the longitudinal
axis (118) at a second radial location, the second radial location being

longitudinally and radially spaced apart from the first radial location..

6. The apparatus (100) of claim 1, wherein the actuating member (128)
threadably engages with the sleeve inner lumen (116) to produce distal

advancement of the actuating member (128) into the sleeve inner lunien (116).

7. The apparatus (100) of claim 1, wherein the sleeve (108) defines a
longitudinal axis (118), and the actuating member (128) advances laterally
’ symnietrically along the longitudinal axis (118) concurrently with lateral
movement of at least one ligament-contacting surface (122,124) away from the
longitudinal axis (118) as the actuating member (128) successively actuates the
first and second engagement thresholds (148,150) in the distal direction.

8. A sequentially-actuated graft anchor system for use in} anchoring at
least two longitudinally extending graft ligaments (102,104) within a bone
tunne! (106) during replacement of 2 native anterior cruciate ligamcht (*ACL"),
the graft anchor system comprising: ‘

a sleeve (108) having a sleeve outer surface (110) and
longitudinally separated proximal and distal sleeve ends (112,114) with a sleeve
inner Jumen (116) extending therebetween, the sleeve (108) deflhing a longitudinal
axis (118), and the sleeve (108) being adapted for longitudinal placement
within the bone tunnel (106) with at least a portion of the at least tw_:o graft
ligaments (102,104) being located laterally between the sleeve outer surface (110)
and the bone tunnel (106); and |

AMENDED SHEET (ARTICLE 19)



WO 2010/124088 PCT/US2010/032051
29

an actuating member (128) having an actuating member outer
surface (134) and longitudinally separated proximal and distal actuating member
ends (130,132), at least a portion of the actuating member (128) bcmg;adapted for
selective longitudinal insertion into the sleeve inner lumen (116); wherein

at least one of the sleeve inner lumen (116) and the actuating
member outer surface (134) defines an asymmetrically offset profile in the
longitudinal direction, the asymmetrically offset profile having longitadinally
spaced first and second engagement thresholds (148,150); and wherein

distal advancement of the actuating member (128) with respect to
the sleeve inner lumen (116) brings at least a portion of both the actugiting
member (128) and the sleeve (108) laterally adjacent to the first engagement
threshold (148), causing a first one of the at least two graft ligaments (102,104) to
frictionally engage the sleeve outer surface (110) and the bone tunnel; ( 106) before
distal advancement of the actuating member (128) with rcsf)ect to the sleeve inner
lumen (116) brings at least a portion of both the actuating member (128) and the
sleeve (108) laterally adjacent to the second engagement threshold (150), causing a
second one of the at least two graft ligaments (102,104) to frictionally engage the
sleeve outer surface (110) and the bone tunnel (106).

9. The sequentially-actuated graft anchor system of claim 8, wherein
the sleeve (108) includes a plurality of longitudinally extending sleeve segment
members (436) separated by radially spaced longitudinal apertures (438), each
sleeve segment member (436) including a portion of the sleeve outelii surface (110)
and defining a portion of the sleeve inner lumen (116), and each sleeve segment
member (436) being configured to frictionally engage a different graift
ligament (102,104).
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10.  The sequentially-actuated graft anchor system of claim 8, wherein
the asymmetrically offset profile includes at least one shoulder (152,154) defining
at least one of the first and second engagement thresholds (148,150), the at Jeast
one shoulder (152,154) being located on a chosen one of the sleeve inner
lumen (116) and the actuating member outer surface (134), and the at:least one
shoulder (152,154) interacting with the other one of the sleeve inner lumen (116)
and the actuating member outer surface (134) to move the sleeve outer
surface (110) laterally outward and into frictional engagement with at least one
graft ligament (102,104),

11.  The sequentially-actuated graft anchor system of claim 8, wherein
the asymmetrically offset profile is defined by the sleeve inner lumen (116), the
first engagement threshold (148) is defined by a first shoulder (152) extending
laterally inwatd toward the longitudinal axis (118) at a first radial location, and the
second engagement threshold (150) is defined by a second shoulder (154)
extending laterally inward toward the longitudinal axis (118) at a second radial
location, the second radial location being longitudinally and radially ESpaced apart

from the first radial Jocation.

12.  The sequentially-actuated graft anchor system of claim 11, wherein
the second radial location is located radially opposite the first radial Jocation about

a circumference of the sleeve (108).

13.  The sequentially-actuated graft anchor system of claim 8, wherein a
sleeve (108) thickness is defined between the sleeve outer surface (ﬁlO) and sleeve
inner lumen (116), the graft ligaments (102,104) are each located lat'érally adjacent
a graft ligament position, and the sleeve (108) thickness is a minimum sleeve (108)
thickness at the graft ligament positions and is a maximum sleeve (108) thickness
at a location substantially radially equidistant from each of the graﬁfligament |
positions.
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14.  The sequentially-actuated graft anchor system of claim 8, wherein
the acti.lating member (128) threadably engages with the sleeve inner ljixmen (116)
to produce distal advancement of the actuating member (128) into the isleeve inner
lumen (116). |

15.  The sequentially-actuated graft anchor system of claim 8, wherein
~ the actuating member (128) advances laterally symmetrically along the
longitudinal axis (118) concurrently with lateral movement of at least:a portion of
the sleeve (108) away from the longitudinal axis (118) as the actuating |
member (128) crosses the first and second engagement thresholds (148,150) in the

distal direction.

16.  The sequentially-actuated graft anchor system of claim 8, wherein
at least one of the sleeve (108) and the actuating member (128) has a:cross-
sectional footprint that is substantially at least one of circular, elliptical,

curvilinear, and linear,
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