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ARTHROSCOPIC SUTURE PASSING DEVICES AND METHODS

Backeround of the Invention

This invention relates generally to methods and apparatus for repairing soft
tissue arthroscopically, and more particularly to methods and apparatus for passing
suture through soft tissue.

There are many procedures, such as capsular plication, Bankart lesion
repairs, or reconstruction of labral tissue to the glenoid rim, in which a practitioner
needs to secure tissue in close contact with bone. Suture is passed through soft
tissue, the bone surface is roughened, and when tissue is pulled into intimate
contact, the body’s healing response will fuse the tissue and bone together.

Such procedures are often accomplished by implanting an anchdr, pre-
loaded with a strand of suture, into a hole drilled in the bone at a desired anchor
location. One or both of the suture ends are then passed through soft tissue at the
desired location, the tissue is pulled close to the bone at the anchor site, and the
suture is secured to the anchor by tying a knot.

There are many suture passing devices on the market today, which are
intended to pass suture through soft tissue. Some are designed for specific
locations — i.e. devices like the Arthrex VIPER and SCORPION, which are
designed to grasp rotator cuff tissue and pass a suture perpendicularly through it.
Using these types of devices, the surgeon captures the edge of the tissue in the jaws
of a grasper, which stabs a needle, carrying suture, through the rotator cuff tissue.
The suture is then retrieved with a grasper. However, this device cannot pass suture
multiple times without reloading the device. Also, since they are optimized for
rotator cuff tissue, they cannot reach many of the areas within the gleno-humeral

joint space.
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More general suture passer designs consist of a needle bent into several
curved shépes at the sharp end. The curves differ in angle of bend, direction of
curve, and shape of curve, to allow the surgeon to reach as many locations vﬁthin
the joint as possible. The surgeon plunges the tip of the needle into tissue at one
location and back out of the tissue at another. Suture is then “shuttled” through the
needle. The needle is removed and the sﬁture remains, passing through the tissue at
the desired location.

The Conmed Linvatec Spectrum suture passing device is a general purpose
suture passing device that comes with several different suture hook variations to
allow for access to multiple locations within the joint. This device can use
monofilament suture for shuttling or a dedicated suture lasso. In an effort to
eliminate suture shuttling, Conmed has recently released the Spectrum MVP
product. This device adds a tube which runs alongside the curved needle. The
curved needle is passed through the tissue. A nitinol suture snare is then deployed
from inside the tip of the curved needle, which opens to form a loop. A piece of
suture, which is loaded onto the tip of the straight tube, is pushed forward and
through the loop by a nitinol push-rod. The snare is closed around the suture and
push-rod, capturing the suture. The curved needle is then pulled back through the
tissue, bringing the suture along with it and out of the joint. Although this new
device eliminates the shuttling step, it must be passed completely through the tissue
(in order to deploy the nitinol snare) and it can only make one suture pass at a time.
It must be removed from the joint and reloaded with suture for each pass. Also, if
the joint space is small, the nitinol loop may not be able to fully open or may get
pushed to the side. In this case, it may no longer line up with the nitinol push-rod
and be able to capture the suture.

There are several methods of “shuttling” suture once the needle is passed

through the tissue. Since it is difficult to push suture down the long needle, often a
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“suture shuttle” is passed down the shaft and out the end of the needle where it is
grasped by an arthroscopic grasper, often introduced into the joint space through
another portal. One end of the suture shuttle is pulled out of the joint space,
attached to a free end of the suture that will remain in the body, then pulled back
through the tissue. This pulls the suture back through the hole, where it is then
used to secure the tissue to the desired location, often an anchor. Common suture
shuttles are monoﬁlameﬁt suture (which is tied around the high-strength suture to
pull it back through the tissue), monofilament suture loops to snare the suture, or
dedicated snares made of nitinol wire.

One of the most difficult steps in passing suture through soft tissue with
existing devices is piercing the needle completely through the tissue. Piercing the
needle tip into the tissue is usually not difficult. However, getting the tip of the
needle back out of the tissue so that the suture shuttle can be passed out of the end
can be difficult, especially if the tissue is very soft. This is often the case in the
inferior capsule of the shoulder. An important step in reducing laxity of the
shoulder, called capsular plication or capsular shift, is passing suture through
capsular tissue inferior to the glenoid. This tissue is often very soft and does not
provide enough tension to resist the needle and allow the tip to pierce back out of
the tissue.

Arthrex, TAG, and several other companies also make suture passers which
operate slightly differently, and do not require suture shuttling. Arthrex’s version,
the Birdbeak, resembles a sharply pointed set of suture graspers. The device is
pierced through the tissue, grasps suture already in the joint space (usually attached
to an anchor), and pulls the suture back through the tissue. These devices do not
require suture shuttling and can, theoretically, pull sutures through different
locations without removing the device from the joint space. However, mobility of

the device is severely limited once it has been pierced through the tissue. This
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requires the suture to be in the correct location to be grasped. This is often
accomplished by holding and manipulating the suture with a grasper placed into the

joint through a second working portal.

Summary of the Invention

The invention described and shown herein is intended to make passing
suture through soft tissue easier for a practitioner. The devices currently used for
this type of procedure are generally called suture passing devices or suture passers.
The new device of the invention addresses multiple issue present in currently
marketed devices. The new device does not require the suture passer to be
completely passed through (into or out of ) the tissue, does not require suture
shuttling, has the ability to pass suture multiple times through tissue without
removing the device from the joint space or reloading suture, and operates through
a single arthroscopic working portal. Practitioners using the systems and methods
of this invention do not need to bring the tip of the needle back out of the tissue in
order to pass suture. By using two needles which meet at the tips, the surgeon
simply pierces the curved needle tip into the tissue, advances the second needle —
which meets up with the tip of the curved needle — and passes suture between them.
This eliminates the most technically difficult parts of the prior art procedures.

Another improvement over currently marketed devices is the elimination of
suture shuttling. Suture shuttling is a very tedious process which takes a great deal
of time during the procedure. As stated previously, the tip of the needle must pierce
into and completely out of the tissue in order to push the suture shuttle out of the
tip. Even if there is a small film of tissue over the hole in the end of the needle, the
suture shuttle will not pass through. Also, the practitioner must grasp the end of the

suture shuttle and pull it out of the joint space. With many sutures in the way and a
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tight joint space, this can be challenging. Problems can occur when pulling the
suture back through the hole in the tissue. Monofilament suture, often tied with a
knot around the suture, can break, or the knot can untie when pulling the suture
back through the tissue. This often requires the entire suture passing procedure to
be repeated. Suture can slip out of monofilament loops, and dedicated nitinol
snares are expensive. Finally, suture shuttling takes considerable operating room
time. A common Bankart repair utilizing three anchors, each with a mattress stitch
through nearby tissue, requires six separate suture shuttling procedures. This can
easily take 10 or 12 minutes of a 30-40 minute surgery.

Yet another time consuming step with existing devices and methods
involves removing and re-inserting the device into the joint space with each suture
shuttle step. After the shuttle is passed through the tissue, the suture passing device
is removed from the joint space, the suture is shuttled, and the device re-inserted for
the next suture pass. This new device can make multiple suture passes through the
tissue without shuttling suture or removing the device between each one. During a
shoulder plication, this allows the surgeon to quickly make multiple pleats in the
tissue to optimize the direction and amount of capsular tightening — something that
would be very difficult and time consuming with existing approaches.

Additionally, the inventive system can pass suture multiple times through a

_single cannula. Many of the other devices in the prior art require (or are helped

considerably by) a grasper or other suture manipulating instrument in the joint
space. Using multiple devices simultaneously requires more than one working
portal. By using a single portal approach, the practitioner may be able to make the
surgical procedure considerably less invasive for the patient.

More particularly, there is provided a system for transdermal repair of soft
tissue, which includes an instrument comprising a proximal actuator portion, a

fixed needle having a lumen and extending distally from the proximal actuator
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portion, and a movable needle having a lumen and extending distally from the
proximal actuator portion. The movable needle is movable axially between an
advanced position and a retracted position relative to the proximal actuator portion.
A suture needle is disposed within the lumen of one of the fixed and movable
needles, and has a length of suture connected thereto. A needle grasper is disposed
in the lumen of the aforementioned one of the fixed and movable needles,

proximally of the suture needle, and has grasper jaws disposed on a distal end

. thereof which are movable between a closed orientation and an open orientation.

The grasper jaws are adapted for securing a first end of the suture needle.

A second needle grasper is disposed in the lumen of the other of the fixed
and movable heedles, and has grasper jaws disposed on a distal end thereof which
are movable between a closed orientation and an open orientation. The grasper
jaws on the second needle grasper are adépted for securing a second end of the
suture needle.

Preferably, the suture needle comprises a flexible wire having a first collar
disposed at the first end and a second collar disposed at the second end. The collars
provide a means for the grasper jaws of each of the needle graspers to readily
engage the suture needle ends. A coil on the suture needle is slidable therealong,
and the length of suture is connected to the coil.

In the preferred embodiment, the fixed needle is curved at a distal end
thereof, and the movable needle is straight.

An actuator is provided on the actuator portion for axially moving the
movable needle. A second actuator on the actuator portion functions to move the
suture needle between the movable needle and the fixed needle.

To actuate the grasper jaws on each grasper between their open and closed
orientations, the lumen in the aforementioned one of the fixed and movable needles

has a smaller diameter portion and a larger diameter portion, with the larger
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diameter portion being distal to the smaller diameter portion, so that as the needle
grasper moves distally within the lumen of that needle, it moves from the smaller
diameter portion, wherein the grasper jaws are forced into their closed orientation to
clamp the first end of the suture needle in place, to the larger diameter portion, at
which time the grasper jaws move to their open orientation to release the first end
of the suture needle. Similarly, the lumen in the other of the fixed and movable
needles has a smaller diameter portion and a larger diameter portion, the larger
diameter portion being distal to the smaller diameter portion, so that as the second
needle grasper moves proximally within the lumen of the other of the fixed and
movable needles, it moves from the larger diameter portion, wherein the grasper
jaws are released into their open orientation, to the smaller diameter portion, at
which time the second grasper jaws are forced into their closed orientation to clamp
the second end of the suture needle in place. The needle graspers are movable,
respectively, relative to the needle in which they are disposed and within the lumen
of that needle.

In another aspect of the invention, there is provided a system for transdermal
repair of soft tissue, which includes an instrument comprising a proximal actuator
portion, a curved needle having a lumen and extending distally from the proximal
actuator portion, and a movable straight needle having a lumen and extending
distally from the proximal actuator portion, wherein the movable needle is movable
axially between an advanced position and a retracted position relative to the
proximal actuator portion. A suture needle is disposed within the lumen of one of
the straight and curved needles, and has a length of suture connected thereto. A
needle grasper is disposed in the lumen of the aforementioned one of the straight
and curved needles, proximally of the suture needle, and has grasper jaws disposed
on a distal end thereof which are movable between a closed orientation and an open

orientation. The grasper jaws are adapted for securing a first end of the suture
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needle, and the needle grasper is axially movablé within the lumen of the one of the
straight and curved needles, relative to that needle. A second needle grasper is
disposed in the lumen of the other of the straight and curved needles and has.
grasper jaws disposed on a distal end thereof which are movable between a closed
orientation and an open orientation. The second needle grasper jaws are adapted for
securing a second end of the suture needle. The second needle grasper is axially
movable within the lumen of the other of the straight and curved needles, relative to
that needle.

The suture needle preferably comprises a flexible wire having a first collar
disposed at the first end and a second collar disposed at the second end. The
grasper jaws of each of the needle graspers may readily engage the collars to secure
the suture needle. A coil is provided on the suture needle which is slidable
therealong, wherein the length of suture is connected to the coil. An actuator on the
actuator portion axially moves the movable straight needle, and a second actuator
on the actuator portion moves the suture needle between the movable straight
needle and the curved needle.

To actuate the grasper jaws on each grasper between their open and closed
orientations, the lumen in each of the straight and curved needles has a smaller
diameter portion and a larger diameter portion, the larger diameter portion being
distal to the smaller diameter portion. With this construction, as the needle grasper
in each respective needle moves distally within the lumen of that needle, it moves
from the smaller diameter portion, wherein the grasper jaws are forced into their
closed orientation to clamp one of the ends of the suture needle in place, to the
larger diameter portion, at which time the grasper jaws move to their open
orientation to release that suture needle end. As the needle grasper in each
respective needle moves proximally within the lumen of that needle, it moves from

the larger diameter portion, wherein the grasper jaws are released into their open
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orientation, to the smaller diameter portion, at which time the grasper jaws are
forced into their closed orientation to clamp the suture needle end in place.

In still another aspect of the invention, there is disclosed a method of
repairing soft tissue, which comprises steps of introducing an instrument having a
curved needle and a movable straight needle, each extending distally from a
proximal actuator portion, into an operative site, piercing tissue to be sutured with a
distal end of the curved needle, and advancing the straight needle until a distal end
thereof lines up with and meets the distal end of the curved needle. A suture
needle, disposed in one of the curved and movable straight needles, is then passed
from one of the curved and movable straight needles to the other one of those
needles. The movable straight needle is then retracted proximally, and the curved
needle is pulled back through the tissue, thereby creating a stitch of suture in the
tissue.

In the above described method, the suture needle is initially clamped on one
end by a grasper disposed in the aforementioned one of the curved and movable
straight needles, and the passing step comprises moving the grasper distally to push
the suture needle out of the one of the curved and movable straight needles and into
the other of the curved and movable straight needles. The passing step further
comprises releasing the one end of the suture needle from the grasper and clamping
the other end of the suture needle using a second grasper disposed in the other of
the curved and movable straight needles.

The invention, together with additional features and advantages thereof, may
best be understood by reference to the following description taken in conjunction

with the accompanying illustrative drawing.

Brief Description of the Drawings

Fig. 1 is an isometric view of a suture passing device constructed in

9
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Fig. 2 is an isometric view illustrating the distal end of the device of Fig. 1,

as the tissue to be repaired is pierced by the curved needle of the device;

Fig. 3 is an isometric view similar to Fig. 2, wherein the straight needle of

the device has been advanced to meet the curved needle;

Fig. 4 is an isometric view similar to Figs. 2 and 3, wherein the curved

needle has been removed from the tissue after the first suture pass;

Fig. 5 is an isometric view similar to Figs. 2-4, wherein the needle has been

removed from the tissue after the second suture pass;
Fig. 6 is a plan view of the suture needle of the invention;

Fig. 7 is a detailed view illustrating the suture needle passing system of the

invention prior to passing of the suture needle;

Fig. 8 is a detailed view similar to Fig. 7, wherein the suture needle is

passing through the tissue;

Fig. 9 is a detailed view similar to Figs. 7 and 8, wherein the suture needle

has been passed through the tissue; and

Fig. 10 is an isometric view of the device handle of the invention.

10
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Description of the Preferred Embodiment

Referring now more particularly to the drawings, there is shown in Fig. 1 a
suture passing device 10 which is constructed in accordance with the principles of
the present invention. The device 10 is a simple suture passing device which does
not require suture shuttling, has the ability to pass suture multiple times through
tissue without removing the device from the joint space or re-loading suture, and
operates through a single working portal.

The device 10 comprises a proximal actuator portion or handle 12 and a

distal sheath 14. Within and extending distally of the sheath 14 are a curved needle

16 and a movable straight needle 18. The handle 12 includes a straight needle
slider 20 and a sufure slider 22, the functions of which will be described below.

A suture needle 24 for use in the inventive device 10 is illustrated in Fig. 6.
The suture needle 24 comprises a ylength of flexible wire 26, preferably nitinol,
having a collar 28 disposed on each end. Each end 30 of the wire 26 is sharpened to
allow it to easily pierce tissue. There is also a coil 32 wrapped around the wire 26,
which secures a length of suture 34.

Referencing Figs. 7-9, which illustrate the suture needle passing system, it
can be seen that the inventive system further comprises a needle grasper 36.

A procedure for passing suture using the device 10 will now be described.
To begin the procedure, the practitioner holds and manipulates the handle 12. The
passing end, or distal end of the device 10, as noted above, comprises the curved
needle 16 and the movable straight needle 18. The practitioner receives the device
10 with suture pre-loaded into the straight needle 18. The tip of the device is
passed through a cannula (not shown) into the joint space, which comprises the
procedural site. As shown in Fig. 2, the practitioner pierces tissue 38 with the

curved needle 16 in a suture exit location 40 where one end of the suture 34 will

11
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emerge. The curved tip of the device may be brought back out of the tissue or left
underneath. The device is manipulated so the location of suture exit 40 is lined up
with the straight needle 18. The straight needle is then advanced until it stops, at
which point the tip of the straight needle lines up with and meets the tip of the
curved needle, as shown in Fig. 3. The straight needle 18 may completely pierce
tissue, but there may also be a layer of tissue captured between the tips of the two
needles.

Once the straight needle is advanced, by operating the straight needle slider
20, moving it distally along a slot 42 in the handle 12 (Figs. 1 and 10), the suture 34
is passed between the two needles by operating the suture slider 22 on the handle
12. The straight needle 18 is retracted, and the curved needle 16 is pulled back
through the tissue 38, bringing the suture 34 with it (Fig. 4). The result, at this
point, as shown in Fig. 4, after one suture pass, is a simple stitch. If this simple
stitch is adequate, in the practitioner’s judgment, the practitioner may remove the
device from the procedural site, and secure the suture and tissue in placé. However,
if a mattress stitch or additional pleats are desired, the suture may be passed again.
The same procedure is repeated. The practitioner pierces the tissue with the curved
needle 16, advances the straight needle 18, and passes the suture 34 between them.
The second time, this suture is passed from the curved needle to the straight needle.
The straight needle is retracted, bringing the suture with it, and the curved needle is
puﬂed out of the tissue. At this point, as shown in Fig. 5, a mattress stitch has been
created in the tissue 38.

If desired, the practitioner may continue to pass suture through the tissue to
create more pleats. When finished, the device 10 is removed from the joint space,
and the suture is anchored by tying a knot or by securing it to a suture anchor.

Fig. 6 is a detailed view of the suture needle 24. The suture needle is

attached to one end of the suture 34, and is the portion passed between the curved

12



WO 2010/048420 PCT/US2009/061704

10

15

20

25

and straight needles. The collars 28 on each end of the wire 26 provide a feature
with which to secure the suture needle inside the curved and straight needles. The
suture 34 may be attached to the coil 32 in many different ways. These ways may
include, without limitation, compression between the coil and the wire, woven
around the coil (one or more times), looped around the coil and knotted, etc. the
coil 32 may also slide along the length of the wire inside the collars. This allows
for a shorter length of suture to be pulled into the curved and straight needles, when
the suture needle is passed between them. This reduces the risk of suture tangling
and suture wear (on the edges of the needles).

Figs. 7-9 illustrate detailed sequential views of the curved and straight
needles described above, and the mechanism used to transfer the suture needle from
one to the other.

Fig. 7 shows the device prior to passing the suture needle 24. The straight
needle 18 has been advanced distally to meet up with the tip of the curved needle
16, as is also illustrated in Fig. 3. The distal advancement of the straight needle is
achieved through actuation of the straight needle slider 20 on the handle 12. The
needle grasper 36 is disposed within a lumen 44 within the straight needle 18, and
has grasper jaws 46 at its distal end, which are movable between an open and closed
position, and are resiliently biased to the open position. When the device 10 is
supplied to the practitioner, the needle grasper 36 is pre-loaded into the needle 18,
with the jaws 46 being closed around the proximal end of the suture needle 24, as
shown in Fig. 7. The opening in the jaws 46 is too small to allow the collar 28 to
pull out when the jaws are closed. The lumen 44 has a sufficiently small inner
diameter so that it fits closely around the needle grasper to keep the jaws 46 closed.

A second needle grasper 48 is positioned within a lumen 49 in the curved
needle 16. This needle grasper 48 also has a pair of grasper jaws 50 disposed on its

distal end, which are also movable between an open and closed position, and are
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also resiliently biased to the open position. The jaws 50 are located within a larger
diameter portion of the lumen 49, which permits the jaws 50 to spring open, as
shown. The suture 34 passes out of the end of the straight needle 18, from the coil
32, and out of the joint space.

Fig. 8 shows the state of the device 10 as the suture needle 24 is passing
through the tissue. At this point, the needle grasper 36 is still securing the suture
needle. The other end of the suture needle has entered the jaws 50 of the second
needle grasper 48 in the curved needle 16. As the needle grasper 36 in the straight
needle 18 advances to the left (and pushes the suture needle with it), the second
needle grasper 48 in the curved needle is pushed to the right, as shown, and into a
smaller diameter portion of the lumen 49. This forces the jaws 50 into their closed
position, thus closing them down around the suture needle and securing the distal
end of the suture needle. As the needle grasper 36 continues to move distally, the
jaws 46 enter a larger diameter section of the lumen 44 of the straight needle 18.
Since the jaws 46 are biased to the open position, they spring open, thus releasing
the proximal end of the suture needle.

Once the needle grasper 36 in the straight needle releases the suture needle
24, the second needle grasper 48 is pulled to the right. The suture slider 22 on the
handle 12 is utilized to move the suture graspers 36 and 48. The movement of the
second needle grasper 48 proximally (to the right) pulls the suture needle through
the tissue and into the curved needle. The coil 32 slides down the suture needle
until it comes into contact with the collar 28, at which point it is pulled through the
tissue, bringing the suture 34 with it. Fig. 9 shows the suture needle 24 after it has
passed through the tissue 38. The next step is to retract the straight needle, using
the straight needle slider 20, and to remove the device 10 from the procedural site
or to pass suture again to create a more complex stitch, as discussed above in

connection with Figs. 4 and 5. If the suture is passed again, to create a more
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complex stitch, the suture needle will be passed the second time in the opposite
direction, from the curved needle 16 to the straight needle 18.

Fig. 10 illustrates the handle 12 of thé inventive device 10, in an enlarged
format. Although there are many versions of the mechanism and interface that
could be used to operate the device 10, this approach is simple and user friendly.

As shown, the straight needle slider 20 slides axially between proximal and distal
positions within the slot 42, to advance and retract the straight needle 18. When the
straight needle slider 20 is moved to the distal position to advance the needle 18, it
can be locked in place. This keeps the needles in or clamped around the tissue 38
and holds the straight needle 18 in place as the suture is passed. The slider 20 may
be 1bcked in place with a snap feature, utilized a release button to allow it to retract,
rotate, or detent into a locked position, or any other number of methods. The suture
slider 22 is moved axially along a slot 54 to transfer the suture needle between the
curved and straight needles, in both directions.

There are many potential ways to attach suture to the suture needle. The
coil 32, shown, is a simple method which can slide along the flexible wire 26 as the
suture needle is passed through the tissue. However, the coil could be replaced by a
number of other designs, such as a solid tube with a hole for tying the suture, a
piece of heat shrink tubing which cbmpresses the suture over the flexible wire, etc.
The coil could alternatively be eliminated and the flexible wire pierced through the
braided suture. Also, due to size constraints, the suture may be replaced by
monofilament suture, suture smaller than #2, or metal wire. The other end of this
wire would be attached to the suture that stays in the tissue (usually #2 high strength
suture).

As shown in Figs. 7-9, the needle graspers 36 and 48 open and closed based
upon their location with the straight and curved needles, respectively. When they

are in the larger diameter section, the jaws spring open. When they are in the
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smaller diameter section, the jaws close around the suture needle. This timing
could be altered by making the smaller diameter section a separate tube which
slides inside the respective straight and curved needles. This feature would allow
the needle graspers to be opened or closed at any point during their travel, and thus
could be used to change the timing of operation during the suture passing
procedure.

It is to be understood that the invention as shown and described herein is
potentially applicable to many different types of procedures requiring suture passing
and the creation of one or more stitches in tissue. All of the terms used herein are
descriptive rather than limiting, and many changes, modifications, and substitutions
may be made by one having ordinary skill in the art without departing from the
spirit and scope of the invention, which is to be limited only in accordance with the

following claims.

16



WO 2010/048420 PCT/US2009/061704

10

15

What is claimed is:

1. A system for transdermal repair of soft tissue, said system including
an instrument comprising:

a proximal actuator portion;

a fixed needle having a lumen and extending distally from said proximal
actuator portion;

a movable needle having a lumen and extending distally from said proximal
actuator portion, the movable needle being movable axially between an advanced
position and a retracted position relative to said proximal actuator portion;

a suture needle disposed within the lumen of one of said fixed and movable
needles, the suture needle having a length of suture connected thereto; and

a needle grasper disposed in the lumen of said one of said fixed and movable
needles, proximally of the suture needle, and having grasper jaws disposed on a
distal end thereof which are movable between a closed orientation and an open
orientation, said grasper jaws being adapted for securing a first end of said suture

needle.

2. The system as recited in Claim 1, and further comprising a second’
needle grasper disposed in the lumen of the other of said fixed and movable
needles, and having grasper jaws disposed on a distal end thereof which are
movable between a closed orientation and an open orientation, said grasper jaws

being adapted for securing a second end of said suture needle.
3. The system as recited in Claim 2, wherein said suture needle

comprises a flexible wire having a first collar disposed at said first end and a second

collar disposed at said second end, and further wherein the grasper jaws of each of
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said needle graspers may readily engage said collars to secure the suture needle.

4. The system as recited in Claim 1, and further comprising a coil on
said suture needle which is slidable therealong, wherein said length of suture is

connected to said coil.

5. The system as recited in Claim 1, wherein said fixed needle is

curved at a distal end thereof.

6. The system as recited in Claim 1, wherein said movable needle is

straight.

7. The system as recited in Claim 1, and further comprising an actuator

on said actuator portion for-axially moving said movable needle.

8. The system as recited in Claim 1, and further comprising an actuator
on said actuator portion for moving said suture needle between the movable needle

and the fixed needle.

9. The system as recited in Claim 1, wherein the lumen in said one of
said fixed and movable needles has a smaller diameter portion and a larger diameter
portion, the larger diameter portion being distal to the smaller diameter portion, so
that as said needle grasper moves distally within the lumen of said one of said fixed

5  and movable needles, it moves from the smaller diameter portion, wherein the
grasper jaws are forced into their closed orientation to clamp the first end of the
suture needle in place, to the larger diameter portion, at which time the grasper jaws

move to their open orientation to release the first end of the suture needle.

18
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10. The system as recited in Claim 2, wherein the lumen in the other of
said fixed and movable needles has a smaller dianﬁeter portion and a larger diameter
portion, the larger diameter portion being distal to the smaller diameter portion, so
that as said second needle grasper moves proximally within the lumen of the other
of said fixed and movable needles, it moves from the larger diameter portion,
wherein the grasper jaws are released into their open orientation, to the smaller
diameter portion, at which time the second grasper jaws are forced into their closed

orientation to clamp the second end of the suture needle in place.

11. The system as recited in Claim 2, wherein each of said needle
graspers are movable, respectively, relative to the needle in which they are disposed

and within the lumen of that needle.

12. A system for transdermal repair of soft tissue, said system including
an instrument comprising:

a proximal actuator portion;

a curved needle having a lumen and extending distally from said proximal
actuator portion;

a movable straight needle having a lumen and extending distally from said
proximal actuator portion, the movable needle being movable axially between an
advanced position and a retracted position relative to said proximal actuator
portion;

a suture needle disposed within the lumen of one of the straight and curved
needles, the suture needle having a length of suture connected thereto;

a needle grasper disposed in the lumen of said one of the straight and curved

needles, proximally of the suture needle, and having grasper jaws disposed on a
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distal end thereof which are movable between a closed orientation and an open
orientation, said grasper jaws being adapted for securing a first end of said suture
needle, said needle grasper being axially movable within the Tumen of said one of
the straight and curved needles, relative to that needle; and

a second needle grasper disposed in the lumen of the other of the straight
and curved needles and having grasper jaWs disposed on a distal end thereof which
are movable between a closed orientation and an open orientation, said second
needle grasper jaws being adapted for securing a second end of said suture needle,
said second needle grasper being axially movable within the lumen of the other of

the straight and curved needles, relative to that needle.

13. The system as recited in Claim 12, wherein said suture needle
comprises a flexible wire having a first collar disposed at said first end and a second
collar disposed at said second end, and further wherein the grasper jaws of each of

said needle graspers may readily engage said collars to secure the suture needle.

14. The system as recited in Claim 13, and further comprising a coil on
said suture needle which is slidable therealong, wherein said length of suture is

connected to said coil.

15. The system as recited in Claim 12, and further comprising an

actuator on said actuator portion for axially moving said movable straight needle.
16. The system as recited in Claim 14, and further comprising an

actuator on said actuator portion for moving said suture needle between the

movable straight needle and the curved needle.
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17. The system as recited in Claim 12, wherein the lumen in each of said
Straight and curved needles has a smaller diameter portion and a larger diameter
portion, the larger diameter portion being distal to the smaller diameter portion, so
that as the needle grasper in each respective needle moves distally within the lumen
of that needle, it moves from the smaller diameter portion, wherein the grasper jaws
are forced into their closed orientation to clamp one of the ends of the suture needle
in place, to the larger diameter portion, at which time the grasper jaws move to their
open orientation to release that suture needle end, and further so that as the needle
grasper in each respective needle moves proximally within the lumen of that needle,
it moves from the larger diameter portion, wherein the grasper jaws are released
1nto their open orientation, to the smaller diameter portion, at which time the
grasper jaws are forced into their closed orientation to clamp the suture needle end

in place.

18. A method of repairing soft tissue, comprising:

introducing an instrument having a curved needle and a movable straight
needle, each extending distally from a proximal actuator portion, into an operative
site;

piercing tissue to be sutured with a distal end of the curved needle;

advancing the straight needle until a distal end thereof lines up with and
meets the distal end of the curved needle:

passing a suture needle disposed in one of said curved and movable straight
needles into the other one of said needles;

retracting the movable straight needle proximally; and

pulling the curved needle back through the tissue, thereby creating a stitch of

suture in the tissue.
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19. The method as recited in Claim 18, wherein the suture needle is
initially clamped on one end by a grasper disposed in said one of said curved and
movable straight needles, and said passing step comprises moving said grasper
distally to push the suture needle out of said one of said curved and movable

5 straight needles and into the other of said curved and movable straight needles, the
passing step further comprising releasing the one end of the suture needle from said
grasper and clamping the other end of the suture needle using a second grasper

disposed in the other of said curved and movable straight needles.

22



WO 2010/048420 PCT/US2009/061704

1/4

SUBSTITUTE SHEET (RULE 26)



WO 2010/048420 PCT/US2009/061704

2/4

FIG. 2

FIG. 3

SUBSTITUTE SHEET (RULE 26)



WO 2010/048420

3/4

PCT/US2009/061704

32

FIG. 6

34

SUBSTITUTE SHEET (RULE 26)

30



WO 2010/048420 PCT/US2009/061704

4/4
.8 10
16 49 50 1
v'—_ﬁl//////////////
N 77 7/ / / JZ /Z / Z Z
3 oo 14\W
28 3/2 f 18 46 bg 36 44
24
FIG. 7
48
24 6 2
rf-/LHIIL////////////////

" A%S””////////ﬂ

\\\\\\\\\\\\\\\

49 (16
—Z )} VAV SV

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/061704

. CLASSIFICATION O OZUBJECT MATTER

N Re 1817
ADD. AG61B17/06  AG61B17/062

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X WO 96/27331 A1l (YOON INBAE [USI)

12 September 1996 (1996-09-12)

page 9, line 8 — page 10, line 3

page 13, 1ine 9 — page 14, line 5
figures 1,2,4,5,7-9,11-13,40

X US 5 336 231 A (ADAIR EDWIN L [USD)

9 August 1994 (1994-08-09)

column 8, line 46 - column 9, line 5;
figure 33

X US 2004/059352 Al (BURBANK FRED [US] ET
AL) 25 March 2004 (2004-03-25)
paragraphs [0034] - [0036], [0045] -
[0047], [0062]; figures 1,7,15

-f—

1,5-9

1,5-8

1,6-8

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents :

"T" later document published after the International filing date
or priority date and not in conflict with the application but

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

"A" document defining the general state of the art which is not I ol
considered 1o be of particular relevance ﬁ:t\?:ng% rl.:nderstand the principle or theory underlying the
"E" earlier document but published on or after the international "X" document of particular relevance; the claimed invention
filing date cannot be considered novel or cannot be considered to
""" document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited 1o establish the publication date of another "v* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the
"Q" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
"P" document published prior to the international filing date but inthe art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
15 February 2010 25/02/2010
Name and mailing address of the ISA/ Authorized officer

Fax: (+31-70) 340-3018 Maier, Christian

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2009/061704
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2008/113076 A2 (RHAPHIS MEDICAL INC 1-17
[US]; HAMILTON HENRY H [US]; BELMAN YURI
[US1; ZAT) 18 September 2008 (2008-09-18)
figures 1,5-9
A WO 99/03402 Al (YEUNG TERESA T [USI]) 1-17
28 January 1999 (1999-01-28)
figures 1A-C,bA,5B,6A,6B,7A,7B
AP WO 2009/005527 Al (SALIMAN JUSTIN [USI; 1-17

SHAHOIAN ERIK [US])
8 January 2009 (2009-01-08)
figures 18A,18B,32

Form PCT/ISA/210 {continuation of second sheet) (April 2005)




Intemational application No.

INTERNATIONAL SEARCH REPORT PCT/US2009/061704

Box No.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. Claims Nos.:

18-19
because they relate to subject matter not required to be searched by this Authority, namely:

Pursuant to Article 17(2)(a)(i) PCT, this Authority is not required to search
the subject-matter of claims 18,19, since a method of repairing soft tissue
comprising the step of piercing tissue as defined in claim 18 represents a
method for treatment of the human or animal body by surgery (Rule 43bis PCT).
2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. l:l Claims Nos.:
because they are dependent claims and are not draited in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. [:I As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an addifional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search reportis
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

DThe additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I::I No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2009/061704
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 9627331 Al 12-09-1996 AU 712129 B2 28-10-1999
AU 5026596 A 23-09-1996
CA 2214449 Al 12-09-1996
EP 0814707 Al 07-01-1998
JP 10506559 T 30~06-1998
us 5665096 A 09-09-1997
US 5336231 A 09-08-1994 CA 2134662 Al 11-11-1993
EP 0644741 Al 29-03-1995
JP 7506276 T 13-07-1995
Wo 9321834 A2 11-11-1993
US 2004059352 Al 25-03~-2004  NONE
WO 2008113076 A? 18-09-2008 EP 2120728 A2 25-11-2009
US 2008243147 Al 02-10-2008
US 2008228204 Al 18-09-2008
WO 2008113080 A2 18-09-2008
W0 9903402 Al 28-01-1999 AU 8576198 A 10-02-1999
us 5895395 A 20-04-1999
WO 2009005527 Al 08-01-2009  NONE

Form PCT/ISA/210 (patent family annex) (April 2008)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report

