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(54) METHODS AND DEVICES FOR TENSIONING GRAFTS

(57) Various exemplary methods and devices for ten-
sioning grafts are provided. In general, a surgical device
can include a grip and a frame. The frame can have two
opposed segments. The segments can be spaced apart
from one another and can each be configured to have at
least one suture attached thereto. The sutures attached
to the frame can each be configured to attach to a graft.
The two segments can be configured to dynamically

move toward and away from each other in response to
tension that is applied to the sutures attached to the
frame. The frame can include an indicator configured to
provide an indication of the tension applied to the sutures.
The grip can have at least one opening therein. The at
least one opening can be configured to have a surgical
instrument passed therethrough.
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Description

FIELD

[0001] The present disclosure relates generally to
methods and devices for tensioning grafts.

BACKGROUND

[0002] During various procedures performed on liga-
ments, for example in reconstruction of the anterior cru-
ciate ligament (ACL), it is often necessary to use grafts
that can include a number of strands. For example, during
an ACL reconstruction, four combined strands are often
used, such as two (doubled) gracilis strands and two
(doubled) semitendinosus strands. During other proce-
dures performed on ACLs or other ligaments, other grafts
can be used instead or in addition, such as patellar ten-
don, quadriceps tendon, tibialis, and the like. During pro-
cedures when more than one strand is used, the multiple
graft strands are typically equally tensioned, meaning
that the strands are under equal tension, in order to pro-
vide optimum biomechanical properties. The tension on
each graft strand may be applied by hand one strand at
a time, but this approach can make it difficult to achieve
equal load on the various strands, can be time consum-
ing, and/or can be challenging to perform. Various other
approaches have been taken to apply equal tension, for
example by applying weights to each strand or by using
various handheld devices, but these approaches can be
time consuming, awkward, and/or laborious.
[0003] Accordingly, there remains a need for improved
methods and devices for tensioning grafts.

SUMMARY

[0004] In general, methods and devices for tensioning
grafts are provided.
[0005] In one aspect, a surgical device is provided that
in one embodiment includes a grip configured to be held
by a user, a frame formed of opposed first and second
segments, and at least one suture retention mechanism
formed on each of the first and second frame segments.
The grip includes a passageway therein configured to
allow passage of a surgical instrument therethrough with
the grip being held by the user. The first and second
segments are connected to each other and to the grip at
one end by a flexure and being separated at an opposite
end by a variable angle. The first and second frame seg-
ments are configured to move toward each other to de-
crease the variable angle in response to tension applied
to a suture attached to the at least one suture retention
mechanism.
[0006] The surgical device can vary in any number of
ways. For example, the device can include an indicator
configured to provide an indication of the tension applied
to the suture. The indicator can include first and second
indicators, and a relative positioning of the first indicator

and the second indicator can provide an indication of the
tension applied to the suture. The first indicator can in-
clude a mark on one of the first and second segments,
and the second indicator can include a window in the
other of the first and second segments. In at least some
embodiments, the indicator can be visible through the
passageway.
[0007] For another example, the flexure can include a
living hinge.
[0008] For yet another example, the passageway can
include at least one enclosed hole.
[0009] For still another example, the passageway can
include at least one cut-out in a sidewall of the grip.
[0010] In another aspect, a surgical system is provided
that in one embodiment includes a frame having a first
portion and a second portion, and a grip having an ap-
erture therethrough configured to allow passage of a sur-
gical instrument. The first portion and the second portion
each extend distally from the grip and each have proximal
and distal ends. The proximal ends of the first portion
and the second portion are coupled to the grip by a plu-
rality of hinges. The distal ends of the first portion and
the second portion are moveably spaced apart from each
other. The first portion and the second portion each have
at least one suture retention mechanism coupled thereto,
The frame is movable between a first position, in which
the plurality of hinges biases the distal ends of the first
and second portions away from each other, and a second
position, in which the distal ends of the first and second
portions have moved toward each other in response to
a force applied to the frame to overcome the bias.
[0011] The system can have any number of variations.
For example, the system can include an indicator con-
figured to provide an indication of the force applied to the
frame. The system can also include a surgical instrument
passed through the aperture, and the indicator can be
visible when the surgical instrument is extended there-
through. Alternatively or additionally, the indicator can
include first and second indicators, and a position of the
first indicator and the second indicator relative to each
other can provide the indication of the force applied to
the frame.
[0012] For another example, each of the plurality of
hinges includes a living hinge.
[0013] For yet another example, the system can in-
clude a plurality of sutures. Each of the sutures can be
configured to be removably secured to the at least one
suture retention mechanism. With the plurality of sutures
removably secured to the at least one suture retention
mechanism, the plurality of sutures can be configured to
be at a first tension with the frame in the first position and
to be at a second, greater tension with the frame in the
second position. The frame can include an indicator con-
figured to indicate that the plurality of sutures have
achieved the second tension in response to the move-
ment of the frame from the first position to the second
position.
[0014] In another aspect, a surgical method is provides
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that in one embodiment includes coupling a plurality of
graft strands to a plurality of suture retention members
of a graft tensioning device. The plurality of graft strands
are at a first tension when coupled to the graft tensioning
device. The method also includes applying a tension
force to the graft strands through the tensioning device.
The tension force causes the plurality of graft strands to
change from being at the first tension to being at a second
tension. The graft tensioning device includes an indicator
that indicates that the plurality of graft strands are at the
second tension.
[0015] The method can have any number of variations.
For example, applying the tension force can cause first
and second segments of the tensioning device to dynam-
ically flex at a flexure coupling the first and second seg-
ments together. For another example, the indicator can
be configured to indicate any one of a plurality of prede-
termined tensions, and the second tension can be one
of the predetermined tensions. For yet another example,
the method can include advancing a surgical instrument
through a passageway of the graft tensioning device.

BRIEF DESCRIPTION OF DRAWINGS

[0016] This invention will be more fully understood from
the following detailed description taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a perspective view of one embodiment of
a tensioning device;

FIG. 2 is a side view of the device of FIG. 1;

FIG. 3 is a perspective view of a frame of the device
in FIG. 1;

FIG. 4 is an exploded perspective view of the frame
of FIG. 3;

FIG. 5 is a perspective view of the device of FIG. 1
in one embodiment of use;

FIG. 6 is a side view of one embodiment of a ten-
sioning device;

FIG. 7 is a top-down view of the tensioning device
of FIG. 6;

FIG. 8 is an end view of a portion of one embodiment
of a tensioning device;

FIG. 9 is a perspective view of the tensioning device
of FIG. 8;

FIG. 10 is a side view of the tensioning device of
FIG. 8;

FIG. 11 is a perspective view of yet another embod-

iment of a grip of a tensioning device;

FIG. 12 is a perspective view of a portion of still an-
other embodiment of a surgical device;

FIG. 13 is a side view of another embodiment of a
tensioning device;

FIG. 14 is a perspective view of the device of FIG. 13;

FIG. 15 is a perspective view of yet another embod-
iment of a tensioning device;

FIG. 16 is a perspective view of another embodiment
of a tensioning device;

FIG. 17 is a side view of the tensioning device of
FIG. 16;

FIG. 18 is a perspective view of still another embod-
iment of a tensioning device;

FIG. 19 is a side view of the device of FIG. 18;

FIG. 20 is a perspective view of yet another embod-
iment of a tensioning device;

FIG. 21A is a top view of one embodiment of four
graft strands before tensioning;

FIG. 21B is a top view of the four graft stands of FIG.
21A after tensioning thereof;

FIG. 21C is a top view of one embodiment of two
graft strands before tensioning; and

FIG. 21D is a top view of the two graft stands of FIG.
21C after tensioning thereof.

DETAILED DESCRIPTION

[0017] Certain exemplary embodiments will now be
described to provide an overall understanding of the prin-
ciples of the structure, function, manufacture, and use of
the devices and methods disclosed herein. One or more
examples of these embodiments are illustrated in the ac-
companying drawings. Those skilled in the art will under-
stand that the devices and methods specifically de-
scribed herein and illustrated in the accompanying draw-
ings are non-limiting exemplary embodiments and that
the scope of the present invention is defined solely by
the claims. The features illustrated or described in con-
nection with one exemplary embodiment may be com-
bined with the features of other embodiments. Such mod-
ifications and variations are intended to be included with-
in the scope of the present invention.
[0018] Further, in the present disclosure, like-named
components of the embodiments generally have similar
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features, and thus within a particular embodiment each
feature of each like-named component is not necessarily
fully elaborated upon. Additionally, to the extent that lin-
ear or circular dimensions are used in the description of
the disclosed systems, devices, and methods, such di-
mensions are not intended to limit the types of shapes
that can be used in conjunction with such systems, de-
vices, and methods. A person skilled in the art will rec-
ognize that an equivalent to such linear and circular di-
mensions can easily be determined for any geometric
shape. Sizes and shapes of the systems and devices,
and the components thereof, can depend at least on the
anatomy of the subject in which the systems and devices
will be used, the size and shape of components with
which the systems and devices will be used, and the
methods and procedures in which the systems and de-
vices will be used.
[0019] Various exemplary methods and devices for
tensioning grafts are provided. In general, a surgical de-
vice includes a grip and a frame. The frame has two op-
posed segments, which are spaced apart from one an-
other and each of which is configured to have at least
one suture attached thereto. The two segments are con-
figured to dynamically move toward and away from each
other in response to tension that is applied to the sutures
attached to the frame. In response to increased applied
tension, the segments are configured to move toward
one another relative to the grip, and in response to de-
creased applied tension, the segments can be configured
to move away from one another relative to the grip. The
frame optionally includes an indicator configured to pro-
vide an indication of the tension applied to the sutures.
In this way, as the tension applied to the sutures changes,
the indicator indicates the applied tension. The indicated
applied tension allows a user of the device to adjust the
applied tension until the indicator indicates that the ap-
plied tension is at a desired level. The sutures attached
to the frame are typically attached to a graft such that the
tension applied to the sutures is indicative of a tension
applied to the grafts. The indicator is thus be configured
to indicate a tension applied to the grafts, which allows
the grafts to be tensioned to a desired tension. For ex-
ample, during performance of a surgical procedure in-
volving soft tissue repair, the grafts can be tensioned to
the desired tension and secured at the desired tension
to facilitate healing since, as will be appreciated by a
person skilled in the art, graft tension affects how well
and how quickly the tissue heals (e.g., overly tensioned
grafts may be more likely to tear during patient movement
after surgery, grafts not tensioned enough may not be in
close enough contact to bone when secured thereto to
reattach to the bone in a quick and/or strong manner,
etc.).
[0020] The device is configured to allow a user to hold
the device at the grip, either directly (e.g., held by one of
the user’s hand) or indirectly (e.g., held by a robotic sur-
gical system that is controlled by the user), and apply an
even, balanced level of tension to the sutures attached

to the frame. The user may thus have at least one hand
free while using the device to allow the user to simulta-
neously manipulate the device with one hand and a sur-
gical instrument with the other hand. This affords a user
more control over overall performance of the surgical pro-
cedure since the user need not coordinate movement
with another user controlling the surgical instrument while
the user manipulates the device.
[0021] The grip has at least one opening therein, and
the at least one opening is configured to enable a surgical
instrument to be passed therethrough while the grip is
being held by the user. The indicator of the device is
positioned so as to be visually observable through the at
least one opening regardless of whether or not a surgical
instrument is positioned within the opening, thereby al-
lowing the surgical instrument to be in use during ten-
sioning of the sutures attached to the device (and thus
during tensioning of the grafts attached to the sutures).
The hand of the user holding the grip can be the same
hand that holds the surgical instrument positioned within
the opening. The user may thus still have one hand free
while using the surgical device and the surgical instru-
ment that is advanced through the opening thereof. The
user may thus be able to secure sutures during perform-
ance of a surgical procedure without being encumbered
or slowed down by awkward tools, and/or the user may
manipulate a mallet with the free hand not holding the
device and instrument and use the mallet to strike the
instrument to secure an implant in a bone to thereby hold
the tensioned grafts in position relative to the bone.
[0022] FIGS. 1 and 2 illustrate one embodiment of a
surgical device 10 for tensioning grafts. Surgical device
10 includes a grip 12 and a frame 20. Grip 12 is configured
to be held by a user and it has an opening 14 therein,
which is sized and dimensioned to receive a surgical in-
strument (not shown) therethrough. Frame 20 includes
opposed first and second segments 22, 24, which are
movably connected to each other and to the grip 12 at
proximal ends 22p, 24p thereof by a flexure 26. Distal
ends 22d, 24d of each of first and second segments 22,
24 are separated from each other when no tension is
applied by the device. Each of first and second frame
segments 22, 24 includes at least one suture retention
mechanism 28 configured to be removably and replace-
ably attached to a suture such that a plurality of sutures
can be attached to the device 10 via the suture retention
mechanisms 28. Device 10 also includes an indicator 30
configured to indicate a tension applied to the sutures
attached to the device 10, e.g., attached to the frame 20
via the suture retention mechanisms 28. The grip 12 is
configured to fit a human hand. The grip 12 can have a
variety of sizes and shapes, for example a length in a
range of about 3.5 to 5.5 inches. The opening 14 in the
grip 12 can thus have a length that is less than about 5.5.
inches, e.g., a length less than about 3.5. inches. The
opening 12 can have a variety of sizes and shapes, for
example a width in a range of about 0.5 to 1 inches. In
general, the size of the opening 12 is configured to ac-
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commodate passage of an elongate shaft of a surgical
instrument therethrough. The first and second segments
22, 24 can also have a variety of sizes and shapes, such
as a length in a range of about 4 to 6 inches and a width
(e.g., proximal-distal length between the proximal end
22p and distal end 22d of the first segment 22 and prox-
imal-distal length between the proximal end 24p and dis-
tal end 24d of the second segment 24) in a range of about
3.5 to 5 inches.
[0023] Grip 12 can have a variety of sizes, shapes, and
configurations. In general, the grip 12 is configured to be
held by a user during use of the device 10 in a surgical
procedure. In an exemplary embodiment, the grip 12 is
configured to be held by a single hand of a user during
use of the device 10 in a surgical procedure. As in this
illustrated embodiment, the grip 12 has an elongate
shape configured to be gripped in one hand by a user.
In other embodiments, the grip 12 can have another
shape, such as a spherical shape, an elliptical shape, a
cone shape, a triangular prism shape, etc.
[0024] As noted above, grip 12 has an opening 14,
which can have a variety of sizes, shapes, and configu-
rations. In general, opening 14 is configured to allow pas-
sage of a surgical instrument therethrough, thereby max-
imizing use of the typically limited amount of surgical
space available during performance of a surgical proce-
dure and/or facilitating simultaneous holding of the de-
vice 10 and the instrument by a user’s hand. Opening 14
is configured to allow user visualization therethrough,
which facilitates user visualization of surgical space
and/or surgical instruments that would otherwise be ob-
scured by device 10. Opening 14 is configured to simul-
taneously allow a user to hold the device 10 via grip 12,
to manipulate an instrument passed through opening 14
of grip 12, to see the instrument through opening 14, and
to observe indicator 30.
[0025] While opening 14 has an oval shape in the il-
lustrated embodiment, it can have any of a variety of dif-
ferent shapes, for example a circle, a square, a rectangle,
etc. In the illustrated embodiment opening 14 has an
elongate shape, which can allow for an instrument to be
advanced through opening 14 at any of multiple positions
along the length of the elongate opening, thus allowing
the instrument to be more comfortably held by a user
during use and/or facilitate angular adjustment of the in-
strument within opening 14. The elongate shape also al-
lows for lateral sliding of an instrument within opening
14, which may facilitate positioning of the instrument rel-
ative to a patient.
[0026] In the illustrated embodiment opening 14 is in
the form of an enclosed hole having a solid perimeter. In
other embodiments, opening 14 can be formed in a side-
wall of grip 12 as a cut-out therein such that opening 14
is not an enclosed hole. In the event that opening 14 is
in the form of a cut-out, it is configured to allow a surgical
instrument to slidably advance therethrough while allow-
ing the instrument to be inserted into the opening and
removed from the opening by one of either moving the

instrument to the side into or out of the opening (e.g.,
laterally relative to a longitudinal axis of the opening) or
moving an end of the instrument into or out of the opening
in a vertical fashion (e.g., along the longitudinal axis of
the opening) similar to how an instrument can be ad-
vanced into and removed from an enclosure hole.
[0027] Although opening 14 is shown as a single open-
ing in the illustrated embodiment, in other embodiments,
the opening can include multiple openings. Having a sin-
gle opening may help maximize an amount of visualiza-
tion possible through grip 12, may provide for more user
selection in instrument lateral and angular positions with-
in opening 14, and/or may facilitate manufacturing of grip
12. The use of multiple openings can allow for multiple
instruments to simultaneously extend through grip 12,
through different ones of the openings with adjacent in-
struments being separated by a minimum amount of dis-
tance defined by a distance between the openings
through the adjacent instruments extend. Such a config-
uration may help prevent instrument interference. The
use of multiple openings also allows at least one of the
openings to have an instrument extending therethrough
and at least one other of the openings to be free of in-
struments to facilitate visualization through grip 12 (e.g.,
facilitate unobstructed viewing of indicator 30). The use
of multiple openings also allows for at least one of the
openings to have a size and shape that corresponds to
a particular instrument size and shape (e.g., a round
opening having a diameter sized to accommodate an in-
strument having a circular 7mm diameter shaft, etc.),
which may help a user identify where to advance a par-
ticular instrument through grip 12 to maximize effective-
ness of the instrument’s use with device 10.
[0028] As illustrated, opening 14 has empty space
therein, e.g., a perimeter thereof defines an empty inte-
rior. In other embodiments, opening 14 can have a trans-
parent material disposed therein that allows visualization
therethrough. The material can cover the entire opening
such that no instrument can be passed therethrough,
which may help maintain an area of unobstructed visu-
alization and thereby help prevent indicator 30 from being
visually obstructed. The entire coverage of opening 14
may be useful in embodiments of device 10 having mul-
tiple openings in grip 12 since one or more of openings
14 can have empty space therein so as to allow instru-
ment passage therethrough while one or more others of
openings 14 can have transparent material therein to pre-
vent instrument passage therethrough and to allow vis-
ualization therethrough. Alternatively, the material can
cover only a part of the opening, which may help indicate
to a user where an instrument should be passed through
opening 14 since the material prevents instrument pas-
sage through part of the opening and/or may help prevent
passage of unintended materials like fluid through open-
ing 14.
[0029] Frame 20, which is also shown in FIGS. 3 and
4, can have a variety of sizes, shapes, and configurations.
As shown in FIG. 2, frame 20 has an A-shaped cross-
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sectional shape and it includes first and second seg-
ments 22, 24, which can each have a variety of sizes,
shapes, and configurations. In the illustrated embodi-
ment, first and second segments 22, 24 are mirror images
of one another. Accordingly, frame 20 is symmetrical,
which facilitates equal tensioning of sutures attached to
the suture retention mechanisms 28 on the segments 22,
24 and hence facilitates equal tensioning of grafts at-
tached to the sutures.
[0030] As illustrated in FIGS. 1 and 3, each of first and
second segments 22, 24 has a U-shape, which allows
for visualization through the interior of the "U" shape into
an interior of the overall "A" shape defined by frame 20,
thereby facilitating user visualization of surgical space
and/or of surgical instruments in use. As shown in FIG.
4, first and second segments 22, 24 of frame 20 can each
include a cross beam 32 attached, e.g., by screws 36, to
top and bottom flexure members 34 of frame 20. In other
embodiments, first and second segments 22, 24 can be
formed of different elements and/or assembled in various
other ways, such as being formed from single pieces or
by being welded, clipped, or bolted together.
[0031] As mentioned above, proximal ends 22p, 24p
of first and second segments 22, 24 are attached to one
another by flexure 26 of frame 20 (e.g., by top and bottom
flexure members 34), and distal ends 22d, 24d of first
and second segments 22, 24 are spaced apart from one
another. Flexure 26 is configured to flex, as discussed
further below, such that distal ends 22d, 24d of first and
second segments 22, 24 able to move toward and away
from one another. In other words, the flexing of flexure
26 causes frame 20 to move relative to grip 12, e.g.,
cause distal ends 22d, 24d of first and second segments
22, 24 to move towards or away from each other.
[0032] Flexure 26 can have a variety of sizes, shapes,
and configurations. In general, flexure 26 is configured
to dynamically flex in response to a force applied thereto.
As in the illustrated embodiment, flexure 26 can be in the
form of a living hinge, which facilitates ease of manufac-
turing and/or durability of the device. In other embodi-
ments, flexure 26 can have another configuration, such
as a spring (e.g., a coil spring, a volute spring, etc.), an
elastic band or other elastic member, etc. Flexure 26 can
be fabricated in any of a variety of ways, such as by ma-
chining, punching, molding, wiring, etc.
[0033] Flexure 26 is also configured to provide a bias-
ing force to first and second segments 22, 24 to bias first
and second segments 22, 24 away from one another,
e.g., bias distal ends 22d, 24d of first and second seg-
ments 22, 24 away from one another. When tension ap-
plied to sutures attached to frame 20 exceeds the biasing
force, flexures 26 flex and thereby cause segments 22,
24 to move towards each other, as discussed further be-
low.
[0034] As shown in FIG. 2, frame 20 has a window 31
formed therein adjacent to flexure 26. Thus, in the illus-
trated embodiment, which includes two flexures 26 (a top
flexure 26 and a bottom flexure 26), the frame 20 has

two windows. In other embodiments, frame 20 can in-
clude another number of windows therein. In general,
window 31 is configured to allow visual access there-
through, similar to opening 14 discussed above, and can
either be empty space or have transparent material dis-
posed therein, also similar to that discussed above re-
garding the opening 14. The positioning of window 31
adjacent the flexure 26 enables positioning of window 31
adjacent grip 12, as shown in FIGS. 1 and 2, which en-
ables visualization of an instrument positioned within the
opening 14.
[0035] As also shown in FIG. 2, distal ends 22d, 24d
of segments 22, 24 define a variable angle α. FIG. 2
illustrates the device in a condition in which no tension
is applied and angle α is at a maximum. When tension
is applied, such as by tensioning sutures/grafts attached
to segments 22, 24, angle α will decrease as segments
22, 24 move towards each other. As further illustrated in
FIG. 2, first segment 22 includes a first extension 30a
extending radially inward therefrom toward second seg-
ment 24. Second segment 24 likewise includes a second
extension 30b extending radially inward therefrom to-
ward first segment 22. First and second extensions 30a,
30b thus define the crossbar of the frame’s "A" shape.
First and second extensions 30a, 30b are movably cou-
pled to one another such that in response to flexing of
flexure 26, and changing angle α, first and second ex-
tensions 30a, 30b move relative to one another. Such
movement of first and second extensions 30a, 30b can
facilitate use of indicator 30 to indicate an amount of ten-
sion applied to sutures attached to the frame 20, as dis-
cussed further below. In the illustrated embodiment, first
segment 22 includes two first extensions 30a and second
segment 24 includes two second extensions 30b, each
one associated with one of the first extensions 30a, as
shown in FIG. 1. Top extensions 30a, 30b are associated
with top flexure 26, and bottom extensions 30a, 30b are
associated with bottom flexure 26.
[0036] Indicator 30 can have a variety of sizes, shapes,
and configurations as long as it is able to provide an in-
dication of an amount of tension applied to sutures at-
tached to the device 10 and hence the tension applied
to grafts attached to the sutures. By coupling indicator
30 to frame 20, as described herein, movement of frame
20 in response to the tension applied to the sutures will
cause the indicator 30 to indicate a different magnitude
of tension depending on the relative position of the ex-
tensions 30a, 30b. A user of device 10 can thus observe
indicator 30 and quickly assess the magnitude of the ten-
sion applied to the sutures and hence the grafts attached
thereto. Such a configuration enables an accurate and
efficient technique for applying the desired amount of ten-
sioned to grafts during a surgical procedure.
[0037] In the illustrated embodiment, indicator 30 in-
cludes a mark on one of the segments 22, 24 and a win-
dow 35 in the other of segments 22, 24 through which
the mark can be observed. A position of the mark within
the window is indicative of the tension being applied. As
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shown in FIG. 2, first segment 22 includes a mark 33
while second segment 24 includes a window 35 through
which mark 33 can be visualized. Mark 33 and window
35 are included on second and first extensions 30b, 30a,
respectively, of second and first segments 24, 22 such
that mark 33 and window 35 are configured to move rel-
ative to one another in response to the flexing of flexure
26. As illustrated, mark 33 includes a straight line printed
on first segment 22 and window 35 includes a pair of
opposed slits formed in second segment 24. A notch 37
is formed across window 35 such that corresponding
ends of notch 37 oppose each other on the opposed slits
of window 35. Mark 33 and notch 37 are configured to
be aligned with one another in response to a predeter-
mined force being applied to sutures attached to the
frame 20, the predetermined force being greater than the
bias force biasing segments 22, 24 apart from one an-
other. Thus, when segments 22, 24 have moved a pre-
determined distance in response to the predetermined
force, mark 33, visible through window 35, will be aligned
with notch 37 so as to indicate that the sutures (and the
grafts attached thereto) are at the predetermined force.
A person skilled in the art will appreciate that indicator
30 can have other configurations. For example, a mark
of indicator 30 can include a dot, a linear groove, a
number, etc. formed in one of segments 22, 24, etc. con-
figured to align with a window of the other segment. For
another example, indicator 30 can include a mark on sec-
ond segment 24 configured to align with a mark on first
segment 22. For yet another example, indicator 30 can
include a dial that moves in response to movement of
the frame 20.
[0038] As in the illustrated embodiment, indicator 30
can be configured to indicate a single predetermined ten-
sion. In other words, alignment of mark 33 and notch 37
indicates that the predetermined tension is being applied.
Otherwise, when mark 33 and notch 37 are not aligned,
it will be evident that the tension being applied is less
than or greater than the predetermined tension.
[0039] In other embodiments indicator 30 can be con-
figured to indicate any one of a plurality of predetermined
tensions. Device 10 may thus have versatility of use since
it can be configured to indicate different tensions, each
of which may be preferred by different surgeons and/or
be appropriate for different patients and/or different types
of surgical procedures. For example, a plurality of marks
can be used, each being at a different axial position along
the segment that includes the marks, e.g., at a different
axial position along the extension that includes the mark.
Each of the marks can correspond to a different prede-
termined tension such that when a one of the marks is
aligned with the window on the other segment, the su-
tures (and grafts attached thereto) are known to have
that mark’s predetermined tension applied thereto. For
another example, instead of a single window, a plurality
of windows can be used, each being at a different position
along the segment that includes the windows, e.g., at a
different position along the extension that includes the

windows. Each of the windows can correspond to a dif-
ferent predetermined tension such that when a one of
the windows is aligned with the mark on the other seg-
ment, the sutures (and grafts attached thereto) attached
to device 10 can be known to have that window’s prede-
termined tension applied thereto.
[0040] The predetermined tension(s) to be indicated
by indicator 30 can be any of a variety of tension levels.
In an exemplary embodiment, the predetermined ten-
sion(s) can each be in a range of about 10 to 30 pounds,
e.g., about 12 pounds, about 15 pounds, etc. A person
skilled in the art will appreciate that the indicator need
not enable a precise magnitude of tension to be deter-
mined. Rather, the purpose of the indicator is to provide
an approximate indication of the applied tension.
[0041] As described herein indicator 30 includes two
indicators; a top indicator 30 associated with top flexure
26 and a bottom indicator 30 associated with bottom flex-
ure 30. The use of top and bottom indicators facilitates
visualization of the indicator 30 regardless of whether
grip 12 is being held with a left hand of a user or a right
hand of the user since one of the two indicators will always
be "face up" and/or regardless of an angular orientation
at which the user is holding the device since at least one
of the indicators should be viewable. In the illustrated
embodiment, the top and bottom indicators are identical,
which facilitates ease of manufacturing and/or user un-
derstanding of indicator functionality. One skilled in the
art will understand, however, that when two or more in-
dicators are included, any one of the indicators may differ
from any of the other indicators. For example, a top in-
dicator may be configured to indicate a first predeter-
mined tension, and a bottom indicator may be configured
to indicate a second, different predetermined tension. For
another example, one indicator may use a first color and
another indicator may use a second color that may have
better contrast that the fist color under certain lighting
conditions.
[0042] In the embodiment illustrated, indicator 30 is
viewable on an exterior of device 10, but not on an interior
of the device. For example, the top indicator 30 is view-
able, as shown in FIG. 1, but the bottom indicator 30 is
not viewable since the bottom exterior surface of the de-
vice is not visible in the illustration. In other embodiments,
indicator 30 can be viewable on both an interior and an
exterior of device 10, e.g., there can be four indicators
30 (top exterior, top interior, bottom exterior, bottom in-
terior). The presence of an indicator on both the device’s
interior and exterior may allow the indicator to be visible
through the opening 14 by allowing visualization there-
through of the interior indicator.
[0043] Suture retention mechanisms 28 can have a va-
riety of sizes, shapes, and configurations. In general,
each of the suture retention mechanisms can be config-
ured to have a suture removably and replaceably at-
tached thereto so as to attach sutures to frame 20. Each
suture retention mechanism 28 can be configured to at-
tach to any number of sutures, e.g., one, two, three, etc.
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Each of first and second segments 22, 24 can include an
equal number of suture retention mechanisms 28, which
may allow for balanced tension to be applied to frame 20
via the sutures. Suture retention mechanisms 28 can be
positioned on first and second segments 22, 24 in a mirror
image relationship with respect to one another, as in the
illustrated embodiment in which the top two suture reten-
tion mechanisms 28 on frames 22, 24 nearest top flexure
26 are at mirrored positions and the bottom two suture
retention mechanisms 28 on frames 22, 24 nearest bot-
tom flexure 26 are at mirrored positions. Suture retention
mechanisms 28 can thus be arranged on frame 20 such
that pairs of corresponding suture retention mechanisms
28 can be positioned opposite to each other on opposite
first and second segments 22, 24.
[0044] While suture retention mechanisms 28 are
shown to be in the form of pegs configured to have a
suture wrapped and/or tied therearound, the suture re-
tention mechanisms can have various other configura-
tions, such as hooks, clips, spring-loaded pins, etc. Su-
ture retention mechanisms 28 in the illustrated embodi-
ment are passive in that they are not movable to actively
lock any sutures coupled thereto. Instead, suture reten-
tion mechanism 28 holds the sutures that are wrapped
or tied therearound. In other embodiments, suture reten-
tion mechanisms 28 can be active in that they are mov-
able to lock and unlock sutures attached thereto.
[0045] In the illustrated embodiment, the grip 12 and
the frame 20 are non-removably attached together, e.g.,
by welding, adhesive, etc. In other embodiments, the
frame can be configured to removably attach to the grip,
e.g., by a snap fit or other connection to the grip. Such a
configuration enables the frame to be removed from the
grip and disposed of after use while the grip can be reused
(after appropriate cleaning, etc.) with a new frame at-
tached thereto.
[0046] Various materials can be used to form grip 12
and frame 20, including metal, plastic, or a combination
thereof. The grip 12 can be made of one material, such
as a metal, while the frame 20 can be made of another
material, such as plastic. Exemplary metals include stain-
less steel and nitinol, aluminum, and composites includ-
ing for example carbon fiber composite, while exemplary
plastics include polyethylene, polypropylene, and poly-
carbonate, and acrylonitrile butadiene styrene (ABS) ny-
lon.
[0047] As mentioned above, a surgical device for ten-
sioning grafts can be configured to be held by a user,
either by the user manually holding the grip or by having
the grip being coupled to a robotic surgical system that
is controlled by the user. Exemplary embodiments of ro-
botic surgical systems that can be used with any of the
surgical devices disclosed herein are described in more
detail in U.S. Pat. Pub. No. 2012/0158013 filed June 21,
2012 and entitled "Surgical System and Methods for Mim-
icked Motion" U.S. Pat. App. No. 14/827,601 filed August
17, 2015 and entitled "Gathering and Analyzing Data for
Robotic Surgical Systems," which are incorporated here-

in by reference in their entireties.
[0048] As mentioned above, a surgical device for ten-
sioning grafts can be used in any of a variety of surgical
procedures. Exemplary procedures include soft tissue
repair procedures in which soft tissue is anchored to bone
such as in anterior cruciate ligament (ACL) repairs and
in rotator cuff repairs. Exemplary embodiments of surgi-
cal procedures involving graft tensioning in which the
graft tensioning devices disclosed herein can be used
are described in U.S. Patent No. 8,435,293 entitled "Flex-
ible Tibial Sheath" issued on May 7, 2013, U.S. Patent
No. 8,226,714 entitled "Femoral Fixation" issued on July
24, 2012, and in U.S. Patent No. 6,554,862 entitled "Graft
Ligament Anchor And Method For Attaching A Graft Lig-
ament To A Bone" issued on April 29, 2003, which are
hereby incorporated by reference in their entireties.
[0049] FIG. 5 illustrates one embodiment of using graft
tensioning device 10 of FIG. 1 during a surgical proce-
dure. Although FIG. 5 describes a procedure using de-
vice 10 of FIG. 1, it is understood that the procedure can
be performed using a different surgical device described
herein for tensioning grafts.
[0050] To attach soft tissue to bone 100, a bore, bone
hole, or bone tunnel can be formed in bone of a patient.
The bone hole can be pre-formed, such as by using a
drill, an awl, a punch instrument, etc., as will be appreci-
ated by a person skilled in the art. Alternatively, the bone
hole can be formed simultaneously with advancement of
a suture anchor into the bone and simultaneously with
engagement of the anchor therewith, such as by using a
self-awling or self-tapping driver and/or self-awling or
self-tapping anchor.
[0051] FIG. 5 illustrates four sutures 104 coupled to
the anchor 102 before or after a bone hole is formed in
the bone 100. Sutures 104 are coupled to the soft tissue
(e.g. a graft strand) 106 prior to sutures 104 being cou-
pled to the anchor 102. One of a plurality of graft strands
106 is coupled to each of the sutures 104 such that four
graft strands 106 are coupled to the device 10 via sutures
104, which are attached to the suture retention mecha-
nisms 28 (two of which are obscured in FIG. 5) either
before or after the soft tissues 106 are attached thereto.
[0052] A driver tool 108 is advanced through the open-
ing 14 of the device 10 to drive the anchor 102 (which
has sutures 104 coupled thereto) into bone 100. For clar-
ity of illustration, a distal end of driver tool 108 is not
illustrated in FIG. 5. Prior to driving anchor 102 into bone
100, however, sutures 104 and graft strands 106 coupled
to anchor 102 are tensioned to place the graft strands
106 in an optimal position relative to the bone by pulling
the sutures 104, and hence pulling the graft strands 106
attached thereto, in a direction away from anchor 102
and bone 100. As the anchor 102 is driven into bone 100,
the tension is maintained by device 10 by sustaining the
desired tension as indicated by the indicator 30. A mallet
(not shown) or other tool is used to further advance driver
tool 108 distally to drive anchor 102 into bone 100. One
of a user’s hands holds grip 12 of device 10 and instru-
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ment 108 positioned within opening 14 while the user’s
other hand can operate the mallet or other tool. Alterna-
tively, one user can hold device 10 and another user can
operate the mallet or other tool.
[0053] With anchor 102 driven into bone 100, sutures
104 and soft tissues 106 are held in place relative to bone
100 to facilitate healing.
[0054] In various embodiments, sutures 104 can each
be a single strand or can be multi-stranded, and can be
either folded or unfolded. Graft strands 106 can be cou-
pled to sutures 104 by passing the sutures 104 through
graft strands 106 before or after sutures 104 are coupled
to anchor 102. Driver tool 108 can also include any of a
variety of driver tools as will be appreciated by a person
skilled in the art.
[0055] FIGS. 6-22 illustrate various embodiments of
frames and grips that can be incorporated into any of the
embodiments described above. FIGS. 6-7 illustrate an-
other embodiment of a surgical device 200 that includes
a grip and a frame. FIG. 6 illustrates the grip having an
outer curved profile configured to rest comfortably
against a palm of a hand. FIG. 7 shows an opening in
the grip configured to allow passage of a surgical instru-
ment therethrough. The opening in this illustrated em-
bodiment has an elongate oval shape.
[0056] FIGS. 8-10 illustrate another embodiment of a
surgical device 210 that includes a grip and a frame. As
shown in FIGS. 8 and 9, a distal end of each of the first
and second segments of the frame has a curved profile
defining a hook configured as a suture retention mech-
anism. As shown in FIGS. 9 and 10, the grip has an inner
curved profile configured to be gripped by fingers of a
person’s hand.
[0057] FIG. 11 illustrates another embodiment of a grip
230. The grip 230 in this illustrated embodiment has an
opening therein that is not in the form of an enclosed
hole. Instead, as discussed above, the opening is con-
figured to allow a surgical instrument to slidably advance
therethrough while allowing the instrument to be inserted
into the opening and removed from the opening by mov-
ing the instrument to the side into or out of the opening
(e.g., laterally relative to a longitudinal axis of the open-
ing). The opening has an instrument entry/exit at a bottom
end thereof.
[0058] FIG. 12 illustrates another embodiment of a sur-
gical device 240 that includes a grip and a frame. The
grip in this illustrated embodiment is similar to the grip
230 of FIG. 11 in that an opening formed therein is not
in the form of an enclosed hole and is configured to allow
a surgical instrument to slidably advance therethrough
while allowing the instrument to be inserted into the open-
ing and removed from the opening by moving the instru-
ment to the side into or out of the opening. The opening
has an instrument entry/exit in an intermediate portion
thereof that is substantially at a midpoint along a length
of the opening.
[0059] FIGS. 13-14 illustrate another embodiment of a
surgical device 250 that includes a grip and a frame. The

frame has an open bottom side, e.g., only has segments
at a top thereof. The grip has an opening in the form of
an enclosed hole.
[0060] FIG. 15 illustrate another embodiment of a sur-
gical device 260 that includes a grip and a frame. The
frame has an open bottom side similar to the frame of
FIGS. 13 and 14. The grip has an opening formed therein
is not in the form of an enclosed hole, similar to the open-
ings of FIGS. 11 and 12. In this illustrated embodiment,
the opening is configured to allow a surgical instrument
to slidably advance therethrough while allowing the in-
strument to be inserted into the opening and removed
from the opening by moving an end of the instrument into
or out of the opening in a vertical fashion (e.g., along the
longitudinal axis of the opening).
[0061] FIGS. 16-17 illustrate another embodiment of a
surgical device 270 that includes a grip and a frame. The
grip has a curved inner surface similar to the grip of FIG.
10.
[0062] FIGS. 18-19 illustrate another embodiment of a
surgical device 280 that includes a grip and a frame. The
grip includes two balls with open space therebetween.
Either one of the balls can be handheld for manipulation
of the device, which may facilitate right and left handed
use of the device. Alternatively, both of the balls can be
handheld for manipulation of the device.
[0063] FIG. 20 illustrates another embodiment of a sur-
gical device 290 that includes a grip and a frame. The
frame includes a suture retention mechanism at a distal
end of each of its segments for a total of four suture re-
tention mechanisms. Each of the suture retention mech-
anisms face radially outward.
[0064] As mentioned above, a surgical device for ten-
sioning grafts can be used in any of a variety of surgical
procedures. FIG. 21A illustrates one embodiment of four
graft strands in a bone hole, two semitendinosus strands
(the top two circles in the bone hole) and two gracilis
strands (the bottom two circles in the bone hole) prior to
tensioning thereof. Each of the graft strands can be at-
tached to a tensioning device as described herein, and
the graft strands can be tensioned using the device. FIG.
21B illustrates the four graft strands after the tensioning.
[0065] FIG. 21C illustrates one embodiment of two
graft strands in a bone hole, two semitendinosus strands
prior to tensioning thereof. Each of the graft strands can
be attached to a tensioning device as described herein,
and the graft strands can be tensioned using the device.
FIG. 21D illustrates the two graft strands after the ten-
sioning.
[0066] In various embodiments, a single graft strand,
for example an Achilles tendon graft, can be coupled to
a plurality of sutures that are then coupled to a graft ten-
sioning device and tensioned similar to that discussed
above.
[0067] A person skilled in the art will appreciate that
the implementations described herein have application
in conventional minimally-invasive and open surgical in-
strumentation as well application in robotic-assisted sur-
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gery.
[0068] The devices disclosed herein can be designed
to be disposed of after a single use, or they can be de-
signed to be used multiple times. In either case, however,
the device can be reconditioned for reuse after at least
one use. Reconditioning can include any combination of
the steps of disassembly of the device, followed by clean-
ing or replacement of particular pieces and subsequent
reassembly. In particular, the device can be disassem-
bled, and any number of the particular pieces or parts of
the device can be selectively replaced or removed in any
combination. Upon cleaning and/or replacement of par-
ticular parts, the device can be reassembled for subse-
quent use either at a reconditioning facility, or by a sur-
gical team immediately prior to a surgical procedure.
Those skilled in the art will appreciate that reconditioning
of a device can utilize a variety of techniques for disas-
sembly, cleaning/replacement, and reassembly. Use of
such techniques, and the resulting reconditioned device,
are all within the scope of the present application.
[0069] Preferably, components of the invention de-
scribed herein will be processed before use. First, a new
or used instrument is obtained and if necessary cleaned.
The instrument can then be sterilized. In one sterilization
technique, the instrument is placed in a closed and sealed
container, such as a plastic or TYVEK bag. The container
and instrument are then placed in a field of radiation that
can penetrate the container, such as gamma radiation,
x-rays, or high-energy electrons. The radiation kills bac-
teria on the instrument and in the container. The sterilized
instrument can then be stored in the sterile container.
The sealed container keeps the instrument sterile until it
is opened in the medical facility.
[0070] Typically, the device is sterilized. This can be
done by any number of ways known to those skilled in
the art including beta or gamma radiation, ethylene oxide,
steam, and a liquid bath (e.g., cold soak). An exemplary
embodiment of sterilizing a device including internal cir-
cuitry is described in more detail in U.S. Pat. Pub. No.
2009/0202387 filed February 8, 2008 and entitled "Sys-
tem And Method Of Sterilizing An Implantable Medical
Device," incorporated herein by reference in its entirety.
It is preferred that device, if implanted, is hermetically
sealed. This can be done by any number of ways known
to those skilled in the art.
[0071] One skilled in the art will appreciate further fea-
tures and advantages of the invention based on the
above-described embodiments. Accordingly, the inven-
tion is not to be limited by what has been particularly
shown and described, except as indicated by the append-
ed claims. All publications and references cited herein
are expressly incorporated herein by reference in their
entirety.

Claims

1. A surgical device, comprising:

a grip configured to be held by a user, the grip
including a passageway therein configured to
allow passage of a surgical instrument there-
through with the grip being held by the user;
a frame formed of opposed first and second seg-
ments, the first and second segments connect-
ed to each other and to the grip at one end by a
flexure and being separated at an opposite end
by a variable angle;
at least one suture retention mechanism formed
on each of the first and second frame segments;
wherein the first and second frame segments
are configured to move toward each other to de-
crease the variable angle in response to tension
applied to a suture attached to the at least one
suture retention mechanism.

2. The device of claim 1, further comprising an indicator
configured to provide an indication of the tension ap-
plied to the suture.

3. The device of claim 2, wherein the indicator includes
first and second indicators, and a relative positioning
of the first indicator and the second indicator pro-
vides the indication of the tension applied to the su-
ture.

4. The device of claim 3, wherein the first indicator in-
cludes a mark on one of the first and second seg-
ments, and the second indicator includes a window
in the other of the first and second segments.

5. The device of any preceding claim, wherein the flex-
ure includes a living hinge.

6. The device of any preceding claim, wherein the pas-
sageway includes at least one enclosed hole.

7. The device of any preceding claim, wherein the pas-
sageway includes at least one cut-out in a sidewall
of the grip.

8. A surgical system, comprising:

a frame having a first portion and a second por-
tion; and
a grip having an aperture therethrough config-
ured to allow passage of a surgical instrument;
wherein the first portion and the second portion
each extend distally from the grip and each have
proximal and distal ends, the proximal ends of
the first portion and the second portion being
coupled to the grip by a plurality of hinges, the
distal ends of the first portion and the second
portion are moveably spaced apart from each
other, the first portion and the second portion
each have at least one suture retention mecha-
nism coupled thereto, and the frame is movable
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between a first position, in which the plurality of
hinges biases the distal ends of the first and sec-
ond portions away from each other, and a sec-
ond position, in which the distal ends of the first
and second portions have moved toward each
other in response to a force applied to the frame
to overcome the bias.

9. The system of claim 8, further comprising an indica-
tor configured to provide an indication of the force
applied to the frame.

10. The system of claim 9, further comprising a surgical
instrument passed through the aperture,
wherein the indicator is visible when the surgical in-
strument is extended therethrough.

11. The system of claim 9 or 10, wherein the indicator
includes first and second indicators, and a position
of the first indicator and the second indicator relative
to each other provides the indication of the force ap-
plied to the frame.

12. The system of claim 8, 9 or 10, wherein each of the
plurality of hinges includes a living hinge.

13. The system of claim 8, 9, 10 or 11, further comprising
a plurality of sutures, each of the sutures being con-
figured to be removably secured to the at least one
suture retention mechanism.

14. The system of claim 13, wherein, with the plurality
of sutures removably secured to the at least one su-
ture retention mechanism, the plurality of sutures are
configured to be at a first tension with the frame in
the first position and to be at a second, greater ten-
sion with the frame in the second position.

15. The system of claim 14, wherein the frame includes
an indicator configured to indicate that the plurality
of sutures have achieved the second tension in re-
sponse to the movement of the frame from the first
position to the second position.
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