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Description
BACKGROUND

[0001] Suture passing is utilized in the repair of soft
tissue defects. A suture is typically attached to either free
needles or uni-directional suture passing instruments (in-
struments that pass suture through tissue in only one
direction) for use in surgery.

[0002] A bi-directional suture passing instrument, one
which can pass suture through tissue in a forward direc-
tion (away from the user), and in a rearward direction
(toward the user), can have several advantages over uni-
directional suture passing instruments. Many uni-direc-
tional suture passers require an additional step to man-
ually retrieve and pass the suture in a reverse direction,
thus increasing the complexity of the surgical technique
and procedural time. Some uni-directional suture passer
designs allow for instrumented retrieval and reloading of
the suture to pass the suture; however these designs
require that the tissue be flexible enough that it can be
lifted to expose both a first and second side of the tissue
to the distal end of the instrument in order to pass suture
in a reverse direction and also require an additional step
to reload the suture. A bi-directional suture passing in-
strument eliminates the manual retrieval step, decreases
the complexity of the surgical technique and the proce-
dural time, enhances the variety of stitch configurations
that can be utilized, and increases the number of bodily
tissues that can be surgically repaired.

[0003] Some bi-directional suture passer designs
known in the artrequire that atissue defectis approached
generally parallel to the tissue, which is difficult for many
surgical procedures such as disc annulus repair, due to
the surgical approach to the disc space. Thus, it may be
desirable to construct a suture passing device that ena-
bles bi-directional suture passing using an instrument
that approaches the tissue defect generally perpendicu-
larly.

[0004] Yet other bi-directional suture passer designs
require that a sharp needle tip be passed through tissue
in both directions. This needle passing is visible in one
direction and blind in the other direction, which may result
in surgical complications when working in areas adjacent
to nerve roots, blood vessels, bowel, or other sensitive
anatomy. Thus it may also be desirable to construct a bi-
directional suture passing instrument that enables a
sharp needle to be visible every time it is passed through
tissue, thereby increasing surgical safety when operating
in the areas of sensitive anatomy.

[0005] Furthermore, current bi-directional suture pas-
ser designs do not effectively detachably couple the su-
ture to the needle. Thus, it may be desirable to construct
new features for detachably coupling the suture to the
needle, thereby improving the efficiency of the instru-
ment.

[0006] US 5,792,153 discloses a sewing device, which
includes a hollow needle movably received within a nee-
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dle receiving channel. The needle can be advanced to-
wards a boom arm housing which is spaced from the
needle receiving channel by a tissue receiving gap. A
suture is carried by a carrier which is moved towards the
boom arm housing by means of a wire in the hollow nee-
dle. Once the needle with the suture carrier has passed
a portion of tissue, the carrier is coupled to the boom arm
housing and decoupled from the wire by rotating the wire.
The suture carrier may be coupled to the wire again by
rotating the wire within the carrier and the needle.

SUMMARY

[0007] Various embodiments of a bi-directional suture
passing instrument configured to approximate soft tissue
defects are disclosed.

[0008] The embodiment of the invention is defined in
claim 1. Preferred embodiment are defined in the de-
pendent claims.

[0009] Methods of operating the different embodi-
ments of the bi-directional suture passing instrument are
also disclosed. For example, in one embodimentthe nee-
dle may be rotated such that an engagement feature of
the needle engages an engagement feature of the shut-
tling element to thereby detachably couple the shuttling
element to the needle. The needle and shuttling element
may then be passed through tissue and into the boom
arm housing. By rotating the needle again, a locking
mechanism of the shuttling element engages a locking
interface of the boom arm housing to thereby detachably
couple the shuttling element to the boom arm housing.
Further rotation of the needle will disengage the needle
from the shuttling element and the needle may be retract-
ed while leaving the shuttling element in the boom arm
housing. These steps may be repeated as many times
as necessary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing summary, aswellas the following
detailed description of preferred embodiments of the in-
strument of the present application, will be better under-
stood when read in conjunction with the appended draw-
ings. For the purposes of illustrating the suture passer
instrument of the present application, there is shown in
the drawings preferred embodiments. It should be un-
derstood, however, that the application is not limited to
the precise arrangements and instrumentalities shown.
In the drawings:

Fig. 1A is a top plan view of a bi-directional suture
passing instrument in accordance with an embodi-
ment of the present invention;

Fig. 1B is a side cross-sectional view of the bi-direc-
tional suture passing instrument shown in Fig. 1A,
through the line 1B-1B;

Fig. 1C is an enlarged side cross-sectional view tak-
en within window 1C of Fig. 1B showing a portion of
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a boom arm and a body element of the instrument;
Fig. 2A is a side elevational view of a handle of the
instrument shown in Figs. 1A-1B;

Fig. 2B is a top plan view of the handle shown in Fig.
2A;

Fig. 2Cis afront elevational view of the handle shown
in Fig. 2A;

Fig. 2D is a side cross-sectional view of the handle,
taken along line 2D-2D of Fig. 2C;

Fig. 2E is a front cross-sectional view of the handle,
taken along line 2E-2E of Fig. 2D;

Fig. 2F is a bottom cross-sectional view of the han-
dle, taken along line 2F-2F of Fig. 2D;

Fig. 2G is a side cross-sectional view of the handle
taken from within oval 2G of Fig. 2D;

Fig. 2H is a side cross-sectional view of the handle
taken from within oval 2H of Fig. 2D;

Fig. 3A is a fragmented top plan view of an actuator
element of the instrument shown in Figs. 1A-1B;
Fig. 3B is a fragmented side elevational view of the
actuator element shown in Fig. 3A;

Fig. 3C is a front elevational view of the actuator
element shown in Fig. 3A;

Fig. 3D is a rear elevational view of the actuator el-
ement shown in Fig. 3A;

Fig. 4A is a side elevational view of a thumb ring of
the instrument shown in Figs. 1A-1B;

Fig. 4B is top plan view of the thumb ring shown in
Fig. 4A;

Fig. 4C is a front elevational view of the thumb ring
shown in Fig. 4A;

Fig. 5Ais a side perspective view of an actuator stop
element of the instrument shown in Figs. 1A-1B;
Fig. 5B is a front elevational view of the actuator stop
element shown in Fig. 5A;

Fig. 5C is a side elevational view of the actuator stop
element shown in Fig. 5A;

Fig. 6A is a front side elevational view of a thumb
ring lock element of the instrument shown in Figs.
1A-1B;

Fig. 6B is a right plan view of the thumb ring lock
element shown in Fig. 6A;

Fig. 7A is a top plan view of a thumb ring lock cap
element of the instrument shown in Figs. 1A-1B;
Fig. 7B is a side elevational view of a thumb ring lock
cap element shown in Fig. 7A;

Fig. 8A is a fragmented top plan view of a body ele-
ment of the instrument shown in Figs. 1A-1B;

Fig. 8B is a front cross-sectional view of the body
elementshowninFig. 8A,taken along the line 8B-8B;
Fig.8Cis afrontelevational view of the body element
shown in Fig. 8A;

Fig. 8D is a side cross-sectional view of the body
element shown in Fig. 8C, taken along the line 8D-
8D;

Fig. 9A is a front elevational view of a tip actuator
element of the instrument shown in Figs. 1A-1B;
Fig. 9B is an enlarged front elevational view of the
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tip actuator element taken from within oval 9B of Fig.
9A;

Fig. 9C is a left side elevational view of the tip actu-
ator element shown in Fig. 9A;

Fig. 9D is a right side elevational view of the tip ac-
tuator element shown in Fig. 9A;

Fig. 10A is a fragmented side elevational view of the
instrument shown in Fig. 1A detailing the boom arm
at its distal end;

Fig. 10B is a top plan view of the boom arm shown
in Fig. 10A;

Fig. 10C is a side cross-sectional view of the boom
arm shown in Fig. 10A;

Fig. 10D is a rear elevational view of the boom arm
shown in Fig. 10A;

Fig. 10E is a front elevational view of the boom arm
shown in Fig. 10A;

Fig. 10F is an enlarged rear view taken from within
oval 10F of Fig. 10D;

Fig. 10G is a side cross-sectional view taken from
within oval 10G of Fig. 10C;

Fig. 10H is an enlarged front view taken from within
oval 10H of Fig. 10E;

Fig. 11A illustrates a fragmented top plan view of a
needle of the instrument shown in Figs. 1A-1B;
Fig. 11B is a front cross-sectional view of the needle
shown in Fig. 11A, taken along line 11B-11B;

Fig. 11C is a side elevational view of the needle,
taken from within oval 11C of Fig. 11A;

Fig. 11D is an enlarged top plan view of the needle
taken from within oval 11D of Fig. 11A detailing the
distal end of the needle;

Fig. 11E is a partial side elevational view of the distal
end of the needle shown in Fig. 11D;

Fig. 12A is a top plan view of a shuttling element of
the instrument shown in Figs. 1A-1B;

Fig. 12B is a side elevational view of the shuttling
element shown in Fig. 12A;

Fig. 12C is a cross-sectional view of the shuttling
element shown in Fig. 12B, taken along line 12C-
12C;

Fig. 12D is a front elevational view of the shuttling
element shown in Fig. 12A;

Fig. 12E is a side cross-sectional view of the shuttling
element shown Fig. 12C, taken along line 12E-12E;
Fig. 13 is a top plan view of a suture tensioner ele-
ment of the instrument shown in Figs. 1A-1B;

Fig. 14Ais aside perspective view of the bidirectional
suture passing instrument illustrated in Figs. 1A-1B,
showing the needle in a retracted position and the
shuttling element coupled to the needle;

Fig. 14B is an enlarged side perspective view of a
distal end of the instrument shown in Fig. 14A;

Fig. 14C is a side perspective view of the instrument
shown in Fig. 14A, showing the needle in an ad-
vanced position and the shuttling element coupled
to the needle;

Fig. 14D is an enlarged side perspective view of the
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distal end of the instrument shown in Fig. 14C;

Fig. 14E is a side perspective view of the instrument
shown in Fig. 14A, showing the needle in an ad-
vanced position and the shuttling element coupled
to the boom arm;

Fig. 14F is an enlarged side perspective view of the
distal end of the instrument shown in Fig. 14E;

Fig. 14G is a side perspective view of the instrument
shown in Fig. 14A, showing the needle in a retracted
position and the shuttling element coupled to the
boom arm;

Fig. 14H is an enlarged side perspective view of the
distal end of the instrument shown in Fig. 14G;

Fig. 14l is a side perspective view of the instrument
shown in Fig. 14A, showing the needle in an ad-
vanced position and the shuttling element coupled
to the boom arm;

Fig. 14J is an enlarged side perspective view of the
distal end of the instrument shown in Fig. 141;

Fig. 14K is a side perspective view of the instrument
shown in Fig. 14A, showing the needle in an ad-
vanced position and the shuttling element uncoupled
from the boom arm;

Fig. 14L is an enlarged side perspective view of the
distal end of the instrument shown in Fig. 14K;

Fig. 14Mis a side perspective view of the instrument
shown in Fig. 14A, showing the needle in a retracted
position and the shuttling element coupled to the
needle;

Fig. 15A is a partial top elevational view of another
embodiment of the bi-directional suture passing in-
strument, in which a series of grooves and traps are
used to detachably couple the needle to the shuttling
element, and to detachably couple the shuttling el-
ement to the boom arm housing;

Fig. 15B is a partial top elevational view of the in-
strument illustrated in Fig. 15A, showing the needle
and shuttling element engaging the boom arm hous-
ing;

Fig. 15C is a perspective view of the shuttling ele-
ment utilized with the instrument illustrated in Fig.
15A;

Fig. 15D is a front view of the shuttling element
shown in Fig. 15C;

Fig. 15E is a side view of the shuttling element shown
in Fig. 15C;

Fig. 16Ais a partial side perspective view of another
embodiment of the bi-directional suture passing in-
strument, in which threaded features are used to de-
tachably couple the needle to the shuttling element,
and to detachably couple the shuttling element to
the boom arm housing;

Fig. 16B is a partial bottom cross-sectional view of
the instrument illustrated in Fig. 16A, showing the
needle in a fully advanced position;

Fig. 16C is a partial perspective view of the instru-
ment illustrated in Fig. 16A, showing the needle and
shuttling element in a fully retracted position;
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Fig. 16D is a partial perspective view of the instru-
ment illustrated in Fig. 16C, showing the needle ad-
vanced into the boom arm housing;

Fig. 16E is a partial perspective view of the instru-
ment illustrated in Fig. 16D, showing the needle and
the shuttling element being rotated to thereby selec-
tively couple the shuttling element to the boom arm
housing;

Fig. 16F is a partial perspective view of the instru-
ment illustrated in Fig. 16E, showing the needle be-
ing further rotated to decouple the needle from the
shuttling element;

Fig. 16G is a partial perspective view of the instru-
ment illustrated in Fig. 16F, showing the needle be-
ing retracted while the shuttling element remains
coupled to the boom arm housing;

Fig. 16H is a partial perspective view of the instru-
ment illustrated in Fig. 16G, showing the needle fully
retracted position;

Fig. 16lis a partial perspective view of the instrument
illustrated in Fig. 16H, showing the needle being ad-
vanced into the boom arm housing;

Fig. 16J is a partial perspective view of the instrument
illustrated in Fig. 161, showing the needle being ro-
tated to thereby couple the needle to the shuttling
element;

Fig. 16K is a partial perspective view of the instru-
ment illustrated in Fig. 16J, showing the needle and
the shuttling element being rotated to thereby de-
couple the shuttling element from the boom arm
housing;

Fig. 16L is a partial perspective view of the instru-
ment illustrated in Fig. 16K, showing the needle and
the shuttling element being retracted from the boom
arm housing;

Fig. 17Ais a partial cross-sectional view of another
embodiment of the bi-directional suture passing in-
strument, in which the needle has external threads
and the shuttling element has internal threads to de-
tachably couple the needle to the shuttling element;
Fig. 17B is a partial cross-sectional view of the in-
strument illustrated in Fig. 17A, showing the needle
and shuttling element in a fully advanced position;
Fig. 17C is a partial cross-sectional view of the in-
strument illustrated in Fig. 17B, showing the needle
in a fully retracted position, and the shuttling element
coupled to the boom arm housing;

Fig. 18A is a top side elevational view of a needle
having wings;

Fig. 18B is a left side elevational view of the needle
shown in Fig. 18A;

Fig. 18C is a top side elevational view of a shuttling
element that is configured to be detachably coupled
to the needle shown in Fig. 18A;

Fig. 18D is a left side elevational view of the shuttling
element shown in Fig. 18C;

Fig. 18E is a back side plan view of the shuttling
element shown in Fig. 18D;
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Fig. 18F is a top side elevational view of a boom arm
housing that is configured to receive the shuttling
element shown in Fig. 18C;

Fig. 18G is a left side elevational view of the boom
arm housing shown in Fig. 18F;

Fig. 18H is a back side plan view of the boom arm
housing shown in Fig. 18G;

Fig. 18l is a partial top elevational view of the instru-
ment illustrated in Figs. 18A-18H, showing the nee-
dle and shuttling element in a fully retracted position;
Fig. 18J is a partial top elevational view of the instru-
ment illustrated in Fig. 18I, showing the needle and
shuttling elementadvanced into the boom arm hous-
ing;

Fig. 18K is a partial top elevational view of the in-
strument illustrated in Fig. 18J, showing the needle
and the shuttling element being rotated to thereby
selectively couple the shuttling element to the boom
arm housing;

Fig. 18L is a partial top elevational view of the instru-
ment illustrated in Fig. 18K, showing the needle be-
ing retracted while the shuttling element remains
coupled to the boom arm housing;

Fig. 18M is a partial top elevational view of the in-
strument illustrated in Fig. 18L, showing the needle
advanced into the shuttling element;

Fig. 18N is a partial top elevational view of the in-
strument illustrated in Fig. 18M, showing the needle
and shuttling element being rotated to decouple the
shuttling element from the boom arm housing;

Fig. 19is a perspective view of another embodiment
of the bi-directional suture passing instrument that
is similar to the instrument shown in Figs. 18A-18N,
except that the structures defining the engagement
features on the needle and the shuttling element are
reversed;

Fig. 20A is a side perspective view of another em-
bodiment of the bi-directional suture passing instru-
ment, showing additional features that may be used;
Fig. 20B is a front perspective view of a driver that
may be used with the instrument shown in Fig. 20A;
Fig. 20C is a side perspective view of a shuttling
elementthat may be used with the instrument shown
in Fig. 20A;

Fig. 20D is a rear perspective view of a boom arm
that may be used with the instrument shown in Fig.
20A;

Fig. 21A is a side elevational view of another em-
bodiment of the bi-directional suture passing instru-
ment, configured to create a pathway in a bony struc-
ture through which the suture can be passed;

Fig. 21B is a side elevational view of the instrument
shown in Fig. 21A, having an impact rod;

Fig. 21C is a side elevational view of the instrument
shown in Fig. 21A, having an impact rod configured
to grab the needle;

Fig. 21D is a front plan view of a grip associated with
the impact rod shown in Fig. 21C;
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Fig. 21E is a front plan view of the grip shown in Fig.
21D in a closed position;

Fig. 22A is a side elevational view of a simple stitch;
Fig. 22B is a side elevational view of a horizontal box
mattress stitch;

Fig. 22C is a side elevational view of a horizontal
mattress stitch;

Fig. 22D is a side elevational view of a reverse hor-
izontal mattress stitch;

Fig. 22E is a side elevational view of a vertical mat-
tress stitch;

Fig. 22F is a side elevational view of a reverse ver-
tical mattress stitch; and

Figs.22G-22| are side elevational views of a suturing
method for soft tissue repair near a bony element.

DETAILED DESCRIPTION OF ILLUSTRATIVE EM-
BODIMENTS

[0011] Certain terminology is used in the following de-
scription for convenience only and is not limiting. The
words "right", "left", "lower" and "upper" designate direc-
tions in the drawings to which reference is made. The
words "inwardly" or "distally" and "outwardly" or "proxi-
mally" refer to directions toward and away from, respec-
tively, the patient’s body, or the geometric center of the
suture passer instrument and related parts thereof. The
words, "anterior", "posterior", "superior," "inferior" and re-
lated words and/or phrases designate preferred positions
and orientations in the human body to which reference
is made and are not meantto be limiting. The terminology
includes the above-listed words, derivatives thereof and
words of similar import.

[0012] Referring to Figs. 1A-1C a bi-directional suture
passing instrument 10 extends in a longitudinal direction
L, and includes a proximal end P and a distal end D. As
shown, the instrument 10 includes a handle 14, an elon-
gated body 18 coupled to the handle 14, and a boom arm
22 coupled to the distal end of the elongated body 18.
The boom arm 2 includes an arm 190 that is coupled to
a distal end of the elongated body 18 and carries a boom
arm housing 198, so as to define a tissue-receiving gap
202 between the elongated body 18 and the boom arm
housing 198. The instrument 10 further includes, an ac-
tuator element 26, a needle 34 coupled to the distal end
of the actuator element 26, and a grip 30 that is coupled
to the proximal end of the actuator element 26. The ac-
tuator element 26 and the needle 34 are reciprocally
translatable between a retracted (rearward) position and
an extended or advanced (forward) position, within both
the interior of the handle 14 and the interior of the elon-
gated body 18. The instrument 10 further includes a nee-
dle like shuttling element 40 that is configured to carry a
strand of suture to be inserted through a tissue defect,
and the boom arm housing 198. As will be described in
more detail below, when the shuttling element 40 is cou-
pled to the needle 34, the shuttling element 40 may pass
through a tissue defect. Once the shuttling element 40
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has passed through the tissue defect, the shuttling ele-
ment 40 may be detachably coupled to the boom arm
housing 198.

[0013] AsshowninFigs.1A-1B,and2A-2H, the handle
14 includes a body 50 having a grip 54 extending down
from a bottom surface of the body 50. The body 50 is
generally elongated and rectangular in shape. As shown
in Fig. 2D, a first sized bore 58 extends distally, along
the longitudinal direction L, through the body 50 from the
proximal end of the body 50, and into a second sized
bore 62. Second bore 62 continues to extend distally into
a third sized bore 66, that extends through the distal end
of the body 50. Each bore 58, 62, and 66 is sized to
accommodate certain parts of the instrument 10. For ex-
ample, actuator element 26 is translatable within bore
58, needle 34 is translatable within bore 62, and body
member 18 is secured within bore 66.

[0014] In accordance with the illustrated embodiment,
the first bore 58 is generally cylindrical and is capable of
receiving the actuator element 26, as shown in Fig. 1B.
In particular, the actuator element 26 is reciprocally trans-
latable within the first bore 58. Referring back to Figs. 2D
and 2H, a fourth bore 70 extends transverse to the lon-
gitudinal direction L, through the bottom surface of the
body 50 and into the first bore 58. As shown, the fourth
bore 70 contains a mating feature, such as ball plunger
74 that is adapted to engage either directly or indirectly
the actuator element 26.

[0015] As shown in Figs. 3A-3D, the actuator element
26 includes a cylindrical body 76 having a first coupling
element 78 at its distal end, and a second coupling ele-
ment 82 at its proximal end. The body 76 of the actuator
element 26 defines a mating feature, such as detent 86
that is configured to be engaged by a protrusion extend-
ing from a lock. The first coupling element 78 is config-
ured to attach the actuator element 26 to the needle 34,
and the second coupling element 82 is configured to at-
tach the actuator element 26 to the thumb ring 30. There-
fore, as the actuator element 78 is translated by the user,
the needle 34 will be translated.

[0016] As shown in Figs. 4A-4C, the grip 30 may be a
thumb ring that includes a body 98 having a bore 102
extending proximally into the body 98. The bore 102 is
adapted to receive the second coupling element 82 of
the actuator element 26. The body 98 defines a ring 106
that is capable of receiving a user’s thumb, so that the
user may easily apply a force to the thumb ring 30, to
thereby cause the actuator element 26, and thus the nee-
dle 34 to translate forward or backward.

[0017] To limit the travel of the actuator element 26
and the needle 34, the suture passer 10 includes an ac-
tuator stop 110. As shown in Figs. 1B, and 5A-5C, the
actuator stop 110 is a generally cylindrical body 114 dis-
posed in the second bore 62 of the handle 14. As shown
in Figs. 5A-5C, the body 114 of the actuator stop 110
includes an irregular shaped bore 118 for receiving and
attaching to the needle 34. Irregular shaped means any
shape, excluding a perfect cylinder.
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[0018] The body 114 of the actuator stop 110 also de-
fines two mating features, such as detents 122 formed
in its outer surface for receiving a corresponding mating
feature such as a ball plunger that may be disposed in
the handle 14. As shown, the detents 122 are radially
separated 90 degrees from each other with respect to a
longitudinal axis of the actuator stop 110. The detents
122 are configured to receive a ball plunger 126 disposed
inthe handle 14 to limit or control the rotation of the needle
34, for embodiments of the instrument 10 that require
rotation of the needle 34. Thus, the rotation of the needle
34 is limited to 90 degrees. It should be understood, that
the actuator stop 110 is not limited to such a design, and
that other designs are envisioned. For example, the ac-
tuator stop 110 may be embodied by a narrowing of the
second bore 62 of the handle 14. In such a case, the
narrowing portion will be configured to contact the distal
end of the actuator element 26 near the coupling of the
actuator 26 to the needle 34 upon a given translational
value of the actuator 26 with respect to the handle 14.
[0019] The suture passer 10 may include a lock 130
that is operable to fix the longitudinal position of the ac-
tuator 26, and thus the needle 34, such that the actuator
26 and the needle 34 are no longer able to translate when
locked. The lock 130 includes a locking element 134, as
shown in Figs. 6A and 6B, and a locking cap 138, as
shown in Figs. 7A and 7B that interacts with the locking
element 134 so as tofix the position of the locking element
134. Referring to Figs. 6A and 6B the locking element
134 includes a head 142 and a body 146 extending from
the head 142. The body 146 defines two large detents
148, three small detents 150, and a bore 152 extending
into an end of the body 146. The body also defines a
protrusion 153 that extends between the two large de-
tents 148. When the locking element 134 is positioned
such that the actuator is received into one of the large
detents 148, the ball plunger 74 contained within the
fourth bore 70 of the handle will engage one of the outer
smaller detents 150, and the actuator 26 will be capable
of translating forward and backward. However, when the
ball plunger 74 contained within the fourth bore 70 of the
handle engages the center smaller detent 150, the lock-
ing element 134 is positioned such that protrusion 153
engages the detent 86 of the actuator 26, and the actuator
26 will not be capable of movement, thereby locking the
actuator 26 and needle 34 in place.

[0020] The locking cap 138 is configured to engage
the bore 152 of the locking element 134. As shown in
Figs. 7A and 7B, the locking cap 138 includes a head
154 and a body 156 extending from the head 154. The
body 156 is cylindrical and is configured to engage the
bore 152 of the locking element 134. When the body 156
of the locking cap 138 is engaging the bore 152 of the
locking element 134, the position of the locking element
will be fixed.

[0021] As shown in Figs. 1A, and 8A-8D, the body
member 18 is longitudinally elongated, and defines a
channel 160 that longitudinally extends through the entire
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length of the body member 18. As shown in Fig. 1B, the
needle 34 is translatable within the channel 160 of the
body member 18. The channel 160 includes a first chan-
nel portion and a second channel portion 164 that is dis-
posed distal of the first channel portion and has a larger
diameter than the first channel portion. The channel 160
can be sized to accommodate the needle 34 so that the
needle 34 can reciprocate between an extended or ad-
vanced (forward) position and a retracted (rearward) po-
sition. The second channel portion 164 preferably has a
larger diameter than the first channel portion. The larger
second channel portion 164 is thus capable of receiving
the shuttling element 40 when the needle 34 is in a re-
tracted position, to thereby act as a sheath for the needle
and shuttling element.

[0022] As shown in Figs. 1A, 8A-8B, and 9A-9D, the
body member 18 further defines an actuator slot 168 ex-
tending through the outer surface in a direction generally
transverse to the channel 160. The actuator slot
167extends into the first channel section of the channel
160 at the proximal end of the body member 18. The
suture passing instrument 10 includes a tip actuator 180
that is configured to actuate the needle 34 to thereby
couple ordecouple the shuttling element 40 to the needle
34. As shown in Figs. 1A, and 9A-9D, the tip actuator
180 extends through the actuator slot 168, and is at-
tached to the needle 34. In particular, the tip actuator 180
includes a keyed bored 188 that receives the needle 34
at a location whereby the needle 34 includes a similarly
keyed cross section, such that the tip actuator 180 is
rotatably coupled to the primary needle 34. The tip actu-
ator 180 extends out from the body member 18, and can
be engaged by a user so as to rotate the needle 34
through a 90 degree angle range about the longitudinal
axis L of the instrument 10 between a locked position
and an unlocked position. When in the locked position,
the shuttling element 40 is coupled to the boom arm hous-
ing 198. When in the unlocked position, the shuttling el-
ement40is disengaged from the boom arm housing 198.
The tip actuator 180 also includes indicia 189 indicating
the position of the needle tip. The indicia may state "tip
unlocked" as shown in Fig. 9C or "tip locked" as shown
in Fig. 9D. It should be understood, however, thatin other
embodiments of the instrument 10, the shuttling element
40 can be detachably coupled to the boom arm housing
198 through translation or actuation of an engagement
feature or other like structure, as opposed to rotation of
the tip actuator 180. Therefore, it will be appreciated that
the tip actuator 180 may also be configured to enable
translation of an engagement feature or other like struc-
ture.

[0023] As shown in Figs. 1A-1B, and 10A-10H, the
boom arm 22 extends from the elongated body 18. In
particular, the boom arm 22 includes an arm 190 that is
coupled to a distal end of the elongated body member
18 and extends distally to a boom arm housing 198. The
boom arm housing 198 extends generally perpendicu-
larly out from the distal end of the boom arm 22, and is
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configured to receive the shuttling element 40. It can thus
be said that the boom arm 22 includes a boom arm hous-
ing 198 supported at the distal end of the boom arm 22.
A tissue-receiving gap 202 is disposed between the
boom arm housing 198 and the distal end of the elongat-
ed body 18. The tissue receiving gap 202 is configured
to receive a piece of tissue having a tissue defect, such
as a laceration, that is to be repaired by the suturing in-
strument 10.

[0024] The boom arm housing 198 defines a cylindrical
or alternatively shaped channel or bore 210 thatis aligned
with the channel 160 formed in the body member 18. The
boom arm housing 198 includes a locking interface 214
configured to selectively detachably couple the shuttling
element 40 within the boom arm housing 198 when the
shuttling element 40 is to be retained within the boom
arm housing 198. As shown, the locking interface 214
may be a flange 218 extending from an internal surface
of the housing 198 that defines a slot shaped opening
222 into the housing 198.

[0025] As shownin Figs. 11A-11E, the primary needle
34 includes an elongated shaft 230, and aneedle element
234 extending from a distal end of the shaft 230. As
shown in Figs. 11A-B, the shaft 230 is generally cylindri-
cal, and includes a keyed portion 238 that corresponds
in shape to the keyed bore 188 of the tip actuator 180.
The keyed portion 238 of the shaft 230 is aligned with
the actuator slot 168. Accordingly, the keyed portion 238
is disposed at the location the actuator stop 110 and the
tip actuator 180 are connected to the primary needle 34,
and thus extends through the keyed bore 188 of the tip
actuator 180. As aresult, as the tip actuator 180 is rotated
by a user, the needle 34 will also be rotated in the manner
described above. The needle 34 further includes a cou-
pling element 242 that extends rearward from the shaft
230, and is configured to attach the actuator element 26
to the primary needle 34. The coupling element 242 may
be a hex or head portion that allows rotation of the needle
34 with respect to the actuator element 26. Thus, the
needle 34 may be rotated, while the actuator element
remains stationary.

[0026] As shown in Figs. 11D and 11E, the needle el-
ement 234 includes a cylindrical body 246 having a nee-
dle tip 250 and an engagement feature 252 defined by
two fins 254 that extend radially outward from the cylin-
drical body 246. Each fin 254 includes an angled front
surface 258 and an angled rear surface 262. The angled
surfaces 258 and 262 allow the fins 254 and thus the
needle element 234 to more easily engage and snap into
and out of the shuttling element 40.

[0027] As shown in Figs. 12A-12E the shuttling ele-
ment 40 includes a needle engaging portion 300, and a
tissue engaging portion 304 extending forward of the
needle engaging portion 300. The needle engaging por-
tion 300 is configured to couple to the needle element
234 of the needle 34. In accordance with the illustrated
embodiment, the needle engaging portion 300 defines a
bore 308 that is configured to receive the needle element
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234 of the needle 34. Grooves 312 are formed in the
needle engaging portion 300 and extend into the bore
308. Grooves 312 form an engagement feature 314 that
correspond to the engagement feature 252 of the needle
34. Thus, grooves 312 are configured to receive the fins
254 of the needle 34 to thereby detachably couple the
needle 34 to the shuttling element 40. Forward of the
grooves 312 is a bore 316 for securely holding an end of
the suture. The bi-directional suture instrument 10 may
come preassembled with the suture secured to the shut-
tling element 40 or the instrument 10 may be provided
with a plurality of shuttling elements 40, each with a
strand of suture secured thereto.

[0028] The tissue engaging portion 304 is oblong and
is shaped to be received by the slot shaped opening 222
of the boom arm housing 198. As shown, the tissue en-
gaging portion 304 includes a needle-like tip 318 and a
locking mechanism 320. The locking mechanism 320 is
a protrusion 324 that defines a recess 328 in the tissue
engaging portion 304. The locking mechanism 320 is
configured to lockingly engage the locking interface 214
formed in the boom arm housing 198. Thus, the shuttling
element 40 may carry a suture through tissue, be locked
and retained in the boom arm housing 198, and at a later
time be reattached to the needle, to carry the suture back
through the tissue.

[0029] To maintain tension in the suture strand, the
suture instrument 10 may include a suture tensioner 350
coupled to the handle 14. As shown in Figs. 1A, and 13,
the suture tensioner 350 may be configured to hold and
secure a loose end of suture material and maintain ten-
sion in the suture strand, thereby allowing the suture
strand to be drawn through the suture tensioner element
350 under tension. The suture tensioner 350 is config-
ured to hold and secure suture material on either side of
the handle 14 and may be disposed through the handle
14 or may be embodied by two suture tensioner elements
350, one disposed on either side of the handle 14. The
tensioner 350 includes two slots, one on either side of
the handle 14, and the strand of suture is passed through
one of the two slots to hold the strand in tension.
[0030] In operation, an operator engages the shuttling
element 40, with an attached strand of suture, onto the
needle 34 by snapping the fins 254 of the needle into the
grooves 312 of the shuttling element 40, and, optionally,
places the suture through the suture tensioner 250, as
shown in Fig. 14A. An operator then grasps the handle
14 with an index and middle finger and disposes a thumb
through the thumb ring 30, with the actuator 26 in a po-
sition retracted proximally from the handle 14. Tissue in-
cluding a tissue defect, such as a fissure through the
annulus fibrosis of an intervertebral disc, is received with-
in the tissue receiving gap 202 disposed between the
boom arm housing 198 and body member 18. With the
thumb ring lock 130 in an open or unlocked configuration
viathe actuation of the thumb ring lock cap 138, the thumb
ring 30 is translated distally with respect to the handle
14, thereby advancing the actuator 26 and the needle 34
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distally with respect to the handle 14 and causing the
distal end of the needle 34 and the shuttling element 40
attached thereto, as well as the suture attached to the
shuttling element 40, to pass through the tissue adjacent
to the defect and force contact to be made between the
shuttling element 40 and the distal end of the boom arm
22, as shown in Fig. 14C. The tip actuator 180 is then
actuated, rotating the needle 34 90 degrees, thereby
causing the locking mechanism 320 of the shuttling ele-
ment 40 to engage the locking interface 214 of the boom
housing 198, as shown in Fig. 14E.

[0031] When the needle 34 is retracted, the shuttling
element 40 will be released from the needle 34 and re-
main selectively coupled to the boom arm housing 198,
thereby maintaining the shuttling element 40 and con-
nected suture strand on the underside of the tissue ad-
jacent the defect. The needle 34 is then retracted into
the protective sheath embodied by the body member 18,
as shown in Fig. 14G. The boom arm 22 is then manip-
ulated, e.g., rotated, with the needle 34 safely shielded,
to another area on the underside of the tissue adjacent
the defect, e.g., on an opposite underside of the defect,
and, once optimally relocated, the needle 34 is translated
distally again with respect to the handle 14 using the
thumb ring 30 and maintaining the thumb ring lock 130
and thumb ring lock cap 134 in an unlocked position,
thereby forcing the needle 34 to pass through from the
top side to the underside of the tissue at a second site
adjacent to the defect and cause the distal end of the
needle 34 to re-engage or snap back into the shuttling
element 40, as shown in Fig. 14K. The tip actuator 180
is then re-actuated or rotated 90 degrees in a rotational
direction that is opposite to the first actuation of the tip
actuator 198, thereby unlocking the shuttling element 40
from the boom housing 198. The thumb ring 30 is then
retracted proximally with respect to the handle 14, caus-
ing the corresponding retraction of the actuator 26 and
the needle 34, and thereby causing the distal end of the
needle 34 and the shuttling element 40 with suture to
disengage from the boom arm 22 and pass from the un-
derside of the tissue adjacent the defect out through the
topside of the tissue adjacent the defect, as shown in Fig.
14M. The steps can be repeated one or more times as
desired, depending on the size of the defect and the char-
acteristics of the tissue.

[0032] In another embodiment, and in reference to
Figs. 15A-15E, a series of grooves and traps may be
utilized to detachably couple the shuttling element to the
needle, and detachably couple the shuttling element to
the boom arm housing. As shown, the bi-directional su-
ture instrument 10 may include a tube-like shuttling ele-
ment 1600 having a body 1604 defining a bore 1608 that
is engaged by a needle 1612. The needle 1612 includes
a body 1616 having engagement features such as a plu-
rality of external ribs 1620 extending up from the body
1616, and a plurality of triangular traps 1624 formed in
the body 1616 proximal to the ribs 1620. The traps 1624
are spaced apart from the ribs 1620 a distance to allow
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the shuttling element 1600 to rest on the body 1616. The
body 1604 of the shuttling element 1600 includes axial
slots 1628 that are configured to align with each rib 1620
of the needle 1612. A plurality of ribs 1632 extend from
an external surface of the body 1604 and are aligned with
the slots 1628. The shuttling element 1600 also includes
triangular traps 1640 formed on the proximal and distal
ends of the shuttling element body 1604. The traps 1640
on the distal end of the shuttling element 1600 are offset
from the ribs 1620 of the needle 1612 and are biased to
accept and capture the proximal tips of the ribs when it
is desirable for the shuttling element 1600 to be coupled
to the needle 1612. The needle 1612 and the coupled
shuttling element 1600 may then be advanced to the
boom arm housing.

[0033] The boom arm housing 1650 includes a body
1654 that defines a bore 1658. The bore 1658 defines
axial slots that are configured to align with external ribs
1632 of the shuttling element 1604. Within the bore 1658
of the housing 1650 is a counter force element, such as
a spring, that is configured to interact with the distal tip
of the shuttling element 1600 and the distal tip of the
needle 1612. The counterforce elementincludes a series
of axial slots and triangular traps that are configured to
interact with the external ribs 1620 of the needle 1612,
and a preferably flat surface that is configured to interact
with the distal end of the shuttling element 1604. Addi-
tionally, the boom arm housing 1650 includes a series of
triangular traps that are located distal to the axial slots
within the bore 1658 that are configured to interact with
the triangular traps on the proximal end of the shuttling
element 1604.

[0034] In operation, the shuttling element 1604 enters
the bore 1658 of the boom arm housing 1650 by aligning
the external ribs 1632 of the shuttling element 1604 with
the axial slots of the housing 1650. As the needle 1612
is advanced further the external ribs 1620 on the needle
1612 align with the axial slots in the counterforce element,
allowing the needle 1612 to advance through the coun-
terforce element. Simultaneously the shuttling element
1604 is advanced past the axial slots within the boom
housing 1650 and encounters the flat surface of the coun-
ter-force element, which pushes the shuttling element
1604 toward the proximal end of the boom tip, causing
the shuttling element 1604 to rotate as the triangular traps
1640 on the proximal ends of the shuttling element 1604
interact with and are captured by the triangular traps on
the distal end of the axial slots within the boom housing
1650. This rotation of the shuttling element 1604 aligns
the axial slots 1628 within the shuttling element 1604 with
the axial slots of the counterforce element and the exter-
nal ribs 1620 of the needle 1612, allowing the needle
1612 to be freely retracted from the boom arm housing
1650 and retracted into the protective sheath embodied
by the body, leaving the shuttling element 1604 detach-
ably coupled to the distal boom housing 1650, thereby
maintaining the shuttling element 1604 and connected
suture strand on the underside of the tissue adjacent the
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defect.

[0035] The boom arm is then manipulated, e.g., rotat-
ed, with the needle 1612 safely shielded, to another area
on the underside of the tissue adjacent the defect, e.g.,
on an opposite underside of the defect, and, once opti-
mally relocated, the needle 1612 is translated distally
again with respect to the handle using the thumb ring and
maintaining the thumb ring lock and thumb ring lock cap
in an unlocked position, thereby forcing the needle 1612
to pass through from the top side to the underside of the
tissue at a second site adjacent to the defect and cause
the distal end of the needle 1612 to re-engage the shut-
tling element 1604. The external ribs 1620 on the needle
1612 translate within the axial slots 1628 on the interior
of the shuttling element 1604 in a distal motion. As the
needle 1612 is further advanced the triangular traps 1624
on the proximal side of the distal end of the needle 1612
contact the triangular traps 1640 on the proximal end of
the shuttling element 1604 and engage the shuttling el-
ement 1604, causing the shuttle 1604 to rotate. In this
rotated position the external ribs 1620 on the needle 1612
are no longer aligned with the axial slots 1628 on the
interior of the shuttling element 1604 and are instead
aligned with the triangular traps 1640 on the distal end
of the shutting element 1604, allowing the shuttling ele-
ment 1604 to be recaptured by the needle 1612, thereby
coupling the shuttling element 1604 to the needle 1612
upon retraction of the needle 1612.

[0036] In another embodiment, and in reference to
Figs. 16A-16L, threaded engagement features and
threaded locking interfaces may be utilized to detachably
couple the shuttling element to the needle and detacha-
bly couple the shuttling element to the boom arm housing.
As shown in Figs. 16A and 16B, the bi-directional suture
instrument 10 may include a cannulated needle 1670,
and a dual ended shuttling element 1674 that is selec-
tively coupled to the needle 1670. The needle 1670 in-
cludes a body 1678 having a bore or channel 1682 ex-
tending through the body 1678. The distal end of the bore
1682 includes an engagement feature such as internal
threads 1686. Detachably coupled to the distal end of
the needle 1670 is the shuttling element 1674.

[0037] The shuttling element 1674 includes a body
1690 that defines a radial groove 1694 for fastening a
suture to the shuttling element 1674, a first head 1698
extending rearward from the body 1690, and a second
head 1702 extending forward from the body 1690. The
first head 1698 includes an engagement feature such as
external threads 1706 that are configured to engage the
internal threads 1686 of the needle 1670. The second
head 1702 includes a locking mechanism, such as ex-
ternal threads 1710 and a needle point 1714 forward of
the external threads 1710. The external threads 1706
and the external threads 1710 have opposite threads.
For example, external threads 1706 are left handed
threads, and external threads 1710 are right handed
threads, which will allow the needle 1670 to become de-
tached from the shuttling element 1674. The internal and
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external threads may have different pitches.

[0038] The shuttling element 1674 is preferably decou-
pleable from the needle 1670 within aboom arm housing,
such as boom arm housing 1718, via actuation of a tip
actuator. Boom arm housing 1718 includes a body 1722
having a bore 1726 that extends therethrough. The distal
end of the bore 1726 includes a locking interface, such
as internal threads 1730 that are configured to engage
the external threads 1710 of the shuttling element 1674.
The proximal end of the shuttling element 1674 includes
a gap 1740 to create clearance for the suture that is at-
tached to the shuttling element 1674.

[0039] In operation, an operator engages the shuttling
element 1674 with attached suture onto the needle 1670
and, optionally, places the suture through a suture ten-
sioner. An operator grasps the handle with his index and
middle finger and disposes his thumb through the thumb
ring, with the actuator in a position retracted proximally
from the handle. The distal portion of the boom arm is
placed through a tissue defect, such as a fissure through
the annulus fibrosis of an intervertebral disc, from a top
side of the tissue to an underside of the tissue, and is
rotated or otherwise positioned adjacent the defect in an
optimum configuration for passing a suture adjacent to
the tissue defect for the purposes of approximating the
defect. The thumb ring is translated distally with respect
to the handle, thereby advancing the actuator and the
needle 1670 distally with respect to the handle and caus-
ing the distal end of the needle 1670 and the shuttling
element 1674 attached thereto, as well as the suture at-
tached to the shuttling element 1674, to pass through the
tissue adjacent to the defect and force contactto be made
between the shuttling element 1674 and the boom arm
housing 1718. When the distal tip of the shuttling element
1674 contacts the proximal end of the internal threads
1674 of the boom arm housing 1718, the tip actuator is
actuated (i.e. right hand turning) causing the needle 1670
and shuttling element 1674 to be rotated, thereby engag-
ing the external threads 1710 of the shuttling element
1674 with the internal threads 1674 of the boom arm
housing 1718. Further rotation of the needle 1670 cause
adecoupling of the threaded shuttling element 1674 from
the needle 1670, leaving the shuttling element 1674 cou-
pled to the boom arm housing 1718. In other words, at
some point, as the needle 1670 is rotated, the shuttling
element 1674 stops rotating in the boom arm housing
1718, and the needle 1670 continues to rotate causing
the needle 1670 to disengage from the shuttling element
1674. This disengagement is enabled because of the op-
posite threading of the external threads 1706 and exter-
nal threads 1710 of the shuttling element 1674.

[0040] The needle 1674 is then retracted into the pro-
tective sheath embodied by the body. The boom arm is
then manipulated., e.g., rotated, with the needle 1670
safely shielded, to another area on the underside of the
tissue adjacent the defect, e.g., on an opposite underside
of the defect, and, once optimally relocated, the needle
1670is translated distally again with respect to the handle
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using the thumb ring, thereby forcing the needle 1670 to
pass through from the top side to the underside of the
tissue at a second site adjacent to the defect and cause
the distal end of the needle 1670 to contact the proximal
edge of the external threads 1706 of the shuttling element
1674. The tip actuator is then re-actuated (i.e. left hand
turning), causing the needle 1670 torotate in the opposite
direction, thereby engaging the internal threads 1686 of
the needle 1670 with the external threads 1706 on the
proximal end of the shuttling element 1674, and coupling
the shuttling element 1674 to the needle 1670. Further
rotation of the needle 1670 causes the shuttling element
1674 to decouple from the boom arm housing 1718. The
thumb ring is then retracted proximally with respect to
the handle, causing the corresponding retraction of the
actuator and the needle 1670, and thereby causing the
distal end of the needle 1670 and the shuttling element
1674 with suture to pass from the underside of the tissue
adjacent the defect out through the topside of the tissue
adjacent the defect. The steps can be repeated one or
more times as desired, depending on the size of the de-
fect and the characteristics of the tissue.

[0041] In another embodiment, and in reference to
Figs. 17A - 17C, the needle includes external threads
rather than internal threads. As shown in Fig. 17A, the
bi-directional suture instrument 10 may include a needle
1750, and a shuttling element 1754 that is selectively
coupled to an exterior surface of the needle 1750. The
needle 1750 includes a body 1758 having an engage-
ment feature such as external threads 1766 proximate
to its distal end. Detachably coupled to the distal end of
the needle 1750 is the shuttling element 1754.

[0042] The shuttling element 1754 includes a body
1770 having an axial bore 1774 extending therethrough.
As shown, the bore 1774 includes an engagement fea-
ture, such as internal threads 1778 that are configured
to engage the external threads 1766 of the needle 1750.
The shuttling element body 1754 also includes a locking
mechanism, such as external threads 1780. The internal
threads 1778 and the external threads 1780 have oppo-
site threads. For example, internal threads 1778 are left
handed threads, and external threads 1780 are right
handed threads, which will allow the needle 1670 to be-
come detached from the shuttling element 1674.
[0043] The shuttling element 1754 is preferably decou-
pleable from the needle 1750 within a boom arm housing,
such as boom arm housing 1784, via actuation of a tip
actuator. Boom arm housing 1784 includes a body 1788
having a bore 1792 that extends therethrough. The bore
1792 includes a locking interface, such as internal
threads 1796 that are configured to engage the external
threads 1780 of the shuttling element 1754. The shuttling
element 1754 may be coupled to the boom arm housing
1784, as shown in Figs. 17B and 17C in a similar manner
as the embodiment described in reference to Figs. 16A-
16L. It should be understood, that the shuttling element
1754 is not limited to the configuration described, and
may be dual ended as described in Figs. 16A - 16L, with
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the first head having a bore that defines internal threads
configured to engage the external threads 1766 of the
needle 1750.

[0044] In another embodiment, and in reference to
Figs. 18A-18N, wings may be utilized rather than threads
to detachably couple the needle to the shuttling element,
and the shuttling element to the boom arm housing. As
shown, the bi-directional suture instrument 10 may in-
clude a winged needle 1800 that is detachably coupled
to awinged shuttling element 1804. As shown, the needle
1800 includes a body 1808 having an engagement fea-
ture, such as wings 1812 extending radially outward from
an external surface of the body 1808 adjacent a distal
top of the needle 1800. Each wing 1812 includes an an-
gledfrontsurface 1816. As shown, the wings 1812 extend
on opposite sides of the needle body 1808 and are con-
figured to engage the shuttling element 1804.

[0045] The shuttling element 1804 includes a body
1820 having a locking mechanism such as wings 1824
extending radially outward from an external surface of
the body 1820 adjacent a needle like distal end 1828,
and a bore 1832 extending into the body 1820 from the
proximal end of the body 1820. Each wing 1824 includes
an angled front surface 1830 to allow the shuttling ele-
ment 1804 to easily pass through tissue. The shuttling
element 1804 includes a bore 1832 having a pair of axial
slots 1836 that lead into an engagement feature, such
as radial slots 1840, which are configured to be engaged
by wings 1812 of the needle 1800 to detachably couple
the shuttling element 1804 to the needle 1800.

[0046] The shuttling element 1804 and needle 1800
may be advanced into a boom arm housing, such as
boom arm housing 1850. As shown, the boom arm hous-
ing 1850 is similar to the proximal end of the shuttling
element 1804. In other words, the boom arm housing
1850 includes a bore 1854 that defines axial slots 1858
to lead into a locking interface, such as radial slots 1862,
which are configured to be engaged by wings 1824 of
the shuttling element 1804.

[0047] In operation, the needle 1800 is coupled to the
shuttling element 1804 by aligning the wings 1812 with
the axial slots 1836 of the shuttling element 1804. The
needle 1800 is then advanced through the slots 1836
and into the radial slots 1840. The needle is then rotated
180 degrees (right hand turning) and the interface be-
tween the wings 1812 and the radial slots 1840 couples
the shuttling element 1804 to the needle 1800. The shut-
tling element 1804 and the needle 1800 are then trans-
lated toward the boom arm housing 1850. The shuttling
element 1804 engages the boom arm housing 1850 by
aligning the wings 1824 of the shuttling element 1804
with the axial slots 1858 of the boom arm housing 1850.
The shuttling element 1804 is further advanced until the
wings 1824 engage the radial slots 1862 of the boom
arm housing 1850. The needle 1800 with the shuttling
element 1804 are then rotated to thereby selectively cou-
ple the shuttling element 1804 to the boom arm housing
1850. The needle 1800 may then be retracted thereby
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leaving the shuttling element 1804 in the boom arm hous-
ing 1850. The steps can be repeated one or more times
as desired, depending on the size of the defect and the
characteristics of the tissue.

[0048] Alternatively the engagement features of the
embodiment shown in Figs. 18A-18N may be reversed.
For example, as shown in Fig. 19 the bi-directional suture
passing instrument 10 may include a needle 1870, that
is detachably coupled to a shuttling element 1874. As
shown, the needle 1870 includes a body 1878 having an
engagement feature, such as a recess 1882 extending
radially inward from an external surface of the body 1878.
The recess 1882 extends proximally to a radial slot 1886
that defines a back wall 1890. As shown, the recess 1882
is configured to engage the shuttling element 1874.
[0049] The shuttling element 1874 includes a body
1894 having a bore 1898 and a locking mechanism that
is substantially identical to the engagement feature of the
needle 1870. The bore 1898 includes an axial protrusion
that define an engagement feature, such as a radial slot,
that is configured to be engaged by the recess and back
wall of the needle 1870 to thereby detachably couple the
shuttling element 1874 to the needle 1870.

[0050] The shuttling element 1874 and needle 1870
may be advanced into a boom arm housing, such as
boom arm housing 1906. As shown, the boom arm hous-
ing 1906 is similar to the proximal end of the shuttling
element 1874. In other words, the boom arm housing
1906includes abore 1910 thatdefines an axial protrusion
1912 that define an engagement feature, such as aradial
slot, that is configured to be engaged by the recess and
back wall of the shuttling element 1874 to detachably
couple the shuttling element 1874 to the boom arm hous-
ing 1906.

[0051] As shown in Figs. 20A-20D, the bi-directional
suture passer 10 may include otherfeatures and designs.
For example, as shown in Fig. 20A, the bi-directional su-
ture passer 10 may include a handle 1920 a member
1924 extending through the handle 1920, and a boom
arm 1928 extending from an end of the member 1924.
The bi-directional suture passer 10 may also include a
driver 1932 translatable within a bore of the member
1924. As shown in Fig. 20B, the driver 1932 includes a
knob 1936, a shaft 1940 extending from the knob 1936,
and a needle 1944 extending from a distal end of the
shaft 1940. The needle 1944 is similar to the needle de-
scribed in reference to Figs. 17A-17C and includes an
engagement feature comprising externally extending
threads 1948 for coupling the needle 1944 to a shulttling
element such as shuttling element 1950 shown in Fig.
17C. The threads of the needle 1944 and shuttling ele-
ment 1944 may engage each other either in a ratcheting
type connection or a rotation type connection. 20
[0052] As shown in Fig. 20C the shuttling element in-
cludes a body 1951 having a needle engaging portion
1952 and a tissue engaging portion 1953. As shown, the
needle engaging portion 1953 includes a bore 1954 hav-
ing an internal surface that defines an engagement fea-
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ture such as threads. The threads of the needle engaging
portion 1953 are configured to engage the threads 1948
of the needle 1944 to detachably couple the needle 1944
to the shuttling element 1950. As shown, the tissue en-
gaging portion 1953 extends distally and includes a lock-
ing mechanism such as external threads 1955. Threads
1955 are configured to engage a locking feature defined
by a boom arm housing 1956 (shown in Fig. 56D) of the
boom arm 1928.

[0053] As shown in Fig. 20D, the boom arm housing
1956 has a bore 1960 extending therethrough. The bore
1960 has aninternal surface that defines internal threads
1964. The boom arm 1928 also includes slots 1970 that
extend through the body of the boom arm 1928. The slots
1970 allow the boom arm housing 1956 to separate
slightly when the shuttling element 1950 is being dis-
posed within the bore 1960. Therefore, for embodiments
that utilize threads, the amount of turning may be reduced
because the shuttling element may be ratcheted in. To
remove the shuttling element from the boom arm housing
1956, the shuttling element may be turned or rotated to
unthread the shuttling element form the boom arm hous-
ing 1956.

[0054] In reference to Fig. 21A-21E, the bi-directional
suture passing instrument 10 may be configured to create
a pathway in a bony structure through which the suture
can be passed. As shown, the bi-directional suture in-
strument 10 may include a boom arm 2000 having an
awl tip 2004 configured to allow the boom arm 2000 to
create a pathway in a bony structure through which the
suture can be passed. Alternatively, the bi-directional su-
ture instrument 10 may include a needle 2008 having an
awl tip 2012 configured to enable the tip of the needle
2008 to create a pathway in a bony structure through
which the suture can be passed. It should be understood
that both the boom arm and the needle can include an
awl tip.

[0055] As shown in Fig. 21B, an impaction rod 2016
may be attached to the instrument 10, and may be con-
figured to contact an impact wall formed on the boom
arm 2000. Alternatively, the impaction rod 2016 may in-
clude grips 2020, as shown in Figs. 21C-21E, that are
configured to grip and hold the needle 2008 when the
needle 2008 is to be impacted. A bi-directional suture
passing instrument 10 having such features may be used
to repair annulus rim tears.

[0056] The bi-directional suture instrument 10 may be
used to repair soft tissue defects using a variety of dif-
ferent suture passing configurations,such as those illus-
trated in Figs. 22A-22F. For example a simple stitch 2100
as shown in Fig. 22A, a box mattress stitch 2104 as
shown in Fig. 22B, a mattress stitch 2108 as shown in
Fig. 22C, a reverse mattress stitch 2112 as shown in Fig.
22D, a vertical mattress stitch 2116 as shown in Fig. 22E,
and a reverse vertical mattress stitch 2120 as shown in
Fig. 22F. The final configuration of suture surrounding
the defect may be a single straight loop, a mattress stitch
or combination of mattress stitches, or mayinclude aloop
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comprising any of a number of stitch patterns for soft
tissue repair known to the art of arthroscopic, laparoscop-
ic, orthopedic, cardiovascular, or general surgery.
[0057] As shown in Fig. 22A, the simple stitch 2100 is
formed by passing the suture through the full thickness
of tissue on one side of a defect and retrieved through
the full thickness of tissue on the other side of the defect.
The suture may first be passed from inside to outside
(i.e., afirst side to a second side of the tissue), and then
retrieved from outside to inside (i.e., a second side to a
firstside) of the tissue, or may first be passed from outside
to inside then inside to outside of the tissue. Any combi-
nation of outside-to-inside and inside-to-outside passes
may be used.

[0058] As shown in Fig. 22B, the box stitch 2104 is
formed by passing the suture horizontally across the de-
fect and then from the proximal side of the disc to the
distal side of the disc. The suture is then passed back
across the defect and the free end of the suture is then
tied into a knot to complete the stitch. The knot sits on
the outside of the annulus defect.

[0059] As shown in Fig. 22C, the mattress stitch 2108
is formed by passing the suture from the proximal side
of the disc to the distal side of the disc, and then across
the defect at an angle toward the proximal side of the
disc. The steps are repeated and the free end of the su-
ture is then tied into a knot to complete the stitch. The
knot sits on the outside of the annulus defect. As shown
in Fig. 22D, the knot sits o the inside of the annulus wall
below the defect for a zero profile closure for the reverse
mattress stitch 2112.

[0060] AsshowninFigs.22E and 22F, the vertical mat-
tress stitch and the reverse vertical mattress stitch may
be formed by passing the suture across the defect on the
proximal side of the disc, and then across the defect at
an angle toward a distal side of the disc. The steps are
repeated and the stitch is completed. As shown, the knot
may be either outside of the annulus defect, as shown in
Fig. 22E, or inside of the defect as shown in Fig. 22F.
[0061] The bi-directional suture instrument 10 may al-
so be configured to pass a suture for soft tissue repair
near a bony element, such as a vertebral body, is shown
in Figs. 22G-22I. As shown, a free end 2200 of the suture
is passed through the full thickness of the annulus wall
on the side of the defect furthest away from the vertebral
body nearest the defect and then passed through a hole
that is formed through the vertebral body via a transos-
seus approach next to the defect. The hole can be cre-
ated using an awl tip or awl tipped needle as described
above in reference to Fig. 21A-21D, or can be predrilled.
The suture may firstbe passed through the vertebral body
and then through the full thickness of the annulus. Such
a method may also be configured for other soft tissues
adjacent a bony element, such as reattachment of torn
rotator cuff tendons to the lesser tuberosity of the humer-
us.

[0062] It will be appreciated by those skilled in the art
that changes could be made to the embodiments de-
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scribed above without departing from the broad inventive
concept thereof. It is understood, therefore, that this in-
vention is not limited to the particular embodiments dis-
closed, butit is intended to cover modifications within the
scope of the present invention as defined by the present
description. The scope of the invention is therefore de-
fined by the claims. For example, other engagement fea-
tures may be utilized to detachably connect the needle
to the shuttling element and other mechanisms may be
utilized to detachably connect the shuttling element to
the boom arm housing, such as a Morse taper coupling,
a magnetic hold, a press fit coupling, and a variety of
other mechanical connections known in the art. Further-
more, any features of one described embodiment can be
applicable to the other embodiments described herein.
For example, each shuttling element described, may be
tubular and capable of fitting over the needle, or each
may include a needle like tip with a proximal end config-
ured to be coupled to the needle.

Claims

1. A bi-directional suture passing instrument (10) con-
figured to approximate soft tissue defects, the suture
passing instrument comprising:

a body member (18) defining a needle receiving
channel (160);

aboom arm (22) extending from the body mem-
ber (18), the boom arm (22) having a boom arm
housing (198; 1718; 1784; 1850) that is spaced
from the body member (18), wherein a tissue-
receiving gap (202) is disposed between the
boom arm housing (198; 1718; 1784; 1850) and
the body member (18);

a needle (34; 1670; 1750; 1800) reciprocally
translatable within the channel (160) of the body
member (18) between an advanced position in
which a distal end of the needle (34; 1670; 1750;
1800) extends into the boom arm housing (198;
1718; 1784; 1850), and a retracted position in
which the distal end of the needle (34; 1670;
1750; 1800) is retracted from the boom arm
housing (198; 1718; 1784; 1850); and

a shuttling element (40; 1674; 1754; 1804) con-
figured to detachably couple to the needle (34;
1670;1750; 1800), and to the boom arm housing
(198; 1718; 1784; 1850),

characterized in that (i) when the shuttling el-
ement (40; 1674; 1754; 1804) is detachably cou-
pled to the needle (34; 1670; 1750; 1800), rota-
tion of the needle (34; 1670; 1750; 1800) relative
to the boom arm housing (198; 1718; 1784;
1850) causes the shuttling element (40; 1674;
1754; 1804) to detachably couple to the boom
arm housing (198; 1718; 1784; 1850), and (ii)
when the shuttling element (40; 1674; 1754;
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1804) is detachably coupled to the boom arm
housing (198; 1718; 1784; 1850), rotation of the
needle (34; 1670; 1750; 1800) relative to the
shuttling element (40; 1674; 1754; 1804) causes
the needle (34;1670; 1750; 1800) to detachably
couple to the shuttling element (40; 1674; 1754;
1804).

The bi-direction suture passing instrument of claim
1, wherein (i) the needle (34; 1670; 1750; 1800) in-
cludes an engagement feature (252; 1686; 1766;
1812), (ii) the shuttling element (40; 1674; 1754;
1804) includes an engagement feature (314; 1706;
1778; 1840), and (iii) when the shuttling element (40;
1674;1754;1804) is detachably coupled to the boom
arm housing (198; 1718; 1784; 1850), rotation of the
needle (34; 1670; 1750; 1800) relative to the shut-
tling element (40; 1674; 1754; 1804) causes the en-
gagement feature (252; 1686; 1766; 1812) of the
needle (34; 1670; 1750; 1800) to engage the en-
gagement feature (314; 1706; 1788; 1840) of the
shuttling element (40; 1674; 1754; 1804) to detach-
ably couple the needle (34; 1670; 1750; 1800) to the
shuttling element (40; 1674; 1754; 1804).

The bi-directional suture passing instrument of claim
2, wherein (i) the shuttling element (40; 1674; 1754;
1804) includes a locking mechanism (320; 1710;
1780; 1824), (ii) the boom arm housing (198; 1718;
1784; 1850) includes a locking interface (214; 1730;
1796; 1862), and (iii) when the shuttling element (40;
1674; 1754; 1804) is detachably coupled to the nee-
dle (34; 1670; 1750; 1800), rotation of the needle
(34; 1670; 1750; 1800) relative to the boom arm
housing (198; 1718; 1784; 1850) causes the locking
mechanism (320; 1710; 1780; 1824) of the shulttling
element (40; 1674; 1754; 1804) to engage the lock-
ing interface (214; 1730; 1796; 1862) of the boom
arm housing (198; 1718; 1784; 1850) to detachably
couple the shuttling element (40; 1674; 1754; 1804)
to the boom arm housing (198; 1718; 1784; 1850).

The bi-directional suture passing instrument of claim
3, wherein engagement feature (1706; 1778) of the
shuttling element (1674; 1754) and the locking
mechanism (1710; 1780) of the shuttling element
(1674; 1754) are oppositely oriented threads.

The bi-directional suture passing instrument of any
one of claims 2 to 4, wherein the engagement fea-
tures (1686; 1766) of the needle (1670; 1750) and
the shuttling element (1674; 1754) are threads, and
the threads (1686; 1766) of the needle (1670; 1750)
are configured to engage the threads (1706; 1778)
of the shuttling element (1674; 1754).

The bi-directional suture passing instrument of claim
5, wherein the threads (1766) of the needle (1750)



10.

1.

12.

25
extend from an external surface of the needle (1750).

The bi-directional suture passing instrument of claim
6, wherein (i) the shuttling element (1754) defines a
bore (1774), (ii) the threads (1778) of the shuttling
element (1754) extend from an internal surface of
thebore (1774), and (iii) the bore (1774) is configured
to receive the needle (1750).

The bi-directional suture passing instrument of claim
7, wherein the bore (1774) extends completely
through the shuttling element (1754), and the needle
(1750) is configured to extend through the bore
(1774) of the shuttling element (1754).

The bi-directional suture passing instrument of claim
5, wherein the needle (1670) includes a bore (1682),
and the threads (1686) of the needle (1670) extend
from an internal surface of the bore (1682).

The bi-directional suture passing instrument of claim
9, wherein (i) the threads (1706) of the shuttling el-
ement (1674) extend from an external surface of the
shuttling element (1674), and (ii) the bore (1682) of
the needle (1670) is configured to receive the shut-
tling element (1674).

The bi-directional suture passing instrument of any
one of claims 3 to 10, wherein (i) the locking mech-
anism (1710; 1780) of the shuttling element (1674;
1754) and the locking interface (1730; 1796) of the
boom arm housing (1718; 1784) are threads, (ii) the
threads (1710; 1780) of the shuttling element (1674;
1754) extend from an external surface of the shut-
tling element (1674; 1754), (iii) the threads (1730;
1796) of the boom arm housing (1718; 1784) extend
from an internal surface of a bore (1726; 1792) that
is defined by the boom arm housing (1718; 1784),
and (iv) the threads (1710; 1780) of the shuttling el-
ement (1674; 1754) are configured to engage the
threads (1730; 1796) of the boom arm housing
(1718; 1784).

The bi-directional suture passing instrument of claim
3, wherein (i) the engagement feature (1812) of the
needle (1800) includes a wing extending out from a
body (1808) of the needle (1800), (ii) the shuttling
element (1804) includes a bore (1832) that defines
an axial slot (1836) configured to receive the wing
(1812) of the needle (1800), (iii) the axial slot (1836)
extends into the engagement feature (1840) of the
shuttling element (1804), (iv) the engagement fea-
ture (1840) of the shuttling element (1804) includes
a radial slot, and (v) rotation of the needle (1800)
causes the wing (1812) of the needle (1800) to en-
gage the radial slot (1840) of the shuttling element
(1804) to thereby detachably couple the shuttling el-
ement (1804) to the needle (1800).
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The bi-directional suture passing instrument of claim
12, wherein (i) the locking mechanism (1824) of the
shuttling element (1804) includes a wing extending
out from a body (1820) of the shuttling element
(1804), (ii) the boom arm housing (1850) includes a
bore (1854) that defines an axial slot (1858) config-
ured to receive the wing (1824) of the shuttling ele-
ment (1804), (iii) the axial slot (1858) extends into
the locking interface (162) of the boom arm housing
(1850), (iv) the locking interface (1862) of the boom
arm housing (1850) includes a radial slot, and (v)
rotation of the shuttling element (1804) causes the
wing (1824) of the shuttling element (1804) to en-
gage the radial slot (1862) of the boom arm housing
(1850) to thereby detachably couple the shuttling el-
ement (1804) to the boom arm housing (1850).

The bi-directional suture passing instrument of any
one of claims 1to 13, further comprising a tip actuator
(180) coupled to the needle, wherein rotation of the
tip actuator (180) causes the needle to rotate.

The bi directional suture passing instrument of any
one of claims 1 to 14, further comprising an actuation
member (26) coupled to a proximal end of the needle,
wherein translation of the actuation member (26)
causes the needle to translate.

The bi-directional suture passing instrument of any
one of claims 1 to 15, wherein either the boom arm
housing or the needle include an awl tip.

Patentanspriiche

1.

Bidirektionales Nahtmaterial-Durchlaufinstrument
(10), das zur Annaherung an Weichteil-Defekte kon-
figuriert ist, wobei das Nahtmaterial-Durchlaufinst-
rument umfasst:

ein Korperelement (18), das einen Nadelauf-
nahmekanal (160) definiert;

einen Auslegerarm (22), der sich von dem Kor-
perelement (18) erstreckt, wobei der Ausleger-
arm (22) ein Auslegerarmgehause (198; 1718;
1784; 1850) aufweist, das vom Kdérperelement
(18) beabstandet ist, wobei ein Gewebe-Auf-
nahmezwischenraum (202) zwischen dem Aus-
legerarmgehduse (198; 1718; 1784; 1850) und
dem Korperelement (13) angeordnet ist;

eine Nadel (34; 1670; 1750; 1800), die im Innern
des Kanals (160) des Kdérperelements (18) zwi-
schen einer vorgertckten Position, an der sich
ein distales Ende der Nadel (34; 1670; 1750;
1800) in das Auslegerarmgehduse (198; 1718;
1784; 1850) erstreckt, und einer zuriickgezoge-
nen Position, an der das distale Ende der Nadel
(34; 1670; 1750; 1800) aus dem Auslegerarm-
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gehause (198; 1718; 1784; 1850) zurlickgezo-
gen ist, hin und her verschiebbar ist; und

ein Pendelelement (40; 1674; 1754; 1804), das
zum lésbaren Verbinden mit der Nadel (34;
1670; 1750; 1800) und dem Auslegerarmgehau-
se (198; 1718; 1784; 1850) konfiguriert ist,
dadurch gekennzeichnet, dass (i) wenn das
Pendelelement (40; 1674; 1754; 1804) I6sbar
mit der Nadel (34; 1670; 1750; 1800) verbunden
ist, eine Drehung der Nadel (34; 1670; 1750;
1800) relativ zum Auslegerarmgehause (198;
1718; 1784; 1850) bewirkt, dass sich das Pen-
delelement (40; 1674; 1754; 1804) I6sbar mit
dem Auslegerarmgehduse (198; 1718; 1784;
1850) verbindet, und (ii) wenn das Pendelele-
ment (40; 1674; 1754; 1804) I6sbar mit dem
Auslegerarmgehause (198; 1718; 1784; 1850)
verbunden ist, eine Drehung der Nadel (34;
1670; 1750; 1800) relativ zum Pendelelement
(40; 1674; 1754; 1804) bewirkt, dass die Nadel
(34; 1670; 1750; 1800) lI6sbar mit dem Pendel-
element (40; 1674; 1754; 1804) verbunden ist.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 1, wobei (i) die Nadel (34; 1670;
1750; 1800) ein Eingriffselement (252; 1686; 1766;
1812) umfasst, (i) das Pendelelement (40; 1674;
1754; 1804) eine Eingriffseinrichtung (314; 1706;
1778; 1840) umfasst, und (iii), wenn das Pendelele-
ment (40; 1674; 1754; 1804) I6sbar mit dem Ausle-
gerarmgehause (198; 1718; 1784; 1850) verbunden
ist, eine Drehung der Nadel (34; 1670; 1750; 1800)
relativ zum Pendelelement (40; 1674; 1754; 1804)
bewirkt, dass das Eingriffselement (252; 1686; 1766;
1812) der Nadel (34; 1670; 1750; 1800) in das Ein-
griffselement (314; 1706; 1788; 1840) des Pendel-
elements (40; 1674; 1754; 1804) zum I6sbaren Ver-
binden der Nadel (34; 1670; 1750; 1800) mit dem
Pendelelement (40; 1674; 1754; 1804) eingreift.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 2, wobei (i) das Pendelelement (40;
1674; 1754; 1804) einen Verriegelungsmechanis-
mus (320; 1710; 1780; 1824) umfasst, (ii) das Aus-
legerarmgehéause (198; 1718; 1784; 1850) eine Ver-
riegelungsschnittstelle (214; 1730; 1796; 1862) um-
fasst, und (iii), wenn das Pendelelement (40; 1674;
1754; 1804) |6sbar mit der Nadel (34; 1670; 1750;
1800) verbunden ist, eine Drehung der Nadel (34;
1670; 1750; 1800) relativ zum Auslegerarmgehause
(198; 1718; 1784; 1850) bewirkt, dass der Verriege-
lungsmechanismus (320; 1710; 1780; 1824) des
Pendelelements (40; 1674; 1754; 1804) in die Ver-
riegelungsschnittstelle (214; 1730; 1796; 1862) des
Auslegerarmgehaduses (198;1718; 1784; 1850) zum
I6sbaren Verbinden des Pendelelements (40; 1674;
1754; 1804) mit dem Auslegerarmgehduse (198;
1718; 1784; 1850) eingreift.
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Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 3, wobei das Eingriffselement (1706;
1778) des Pendelelements (1674; 1754) und der
Verriegelungsmechanismus (1710; 1780) des Pen-
delelements (1674; 1754) entgegengesetzt ausge-
richtete Gewinde sind.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach einem der Anspriiche 2 bis 4, wobei die Ein-
grifiselemente (1686; 1766) der Nadel (1670; 1750)
und des Pendelelements (1674; 1754) Gewinde
sind, und die Gewinde (1686; 1766) der Nadel (1670;
1750) zum Eingriff mit den Gewinden (1706; 1778)
des Pendelelements (1674; 1754) konfiguriert sind.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 5, wobei sich die Gewinde (1766)
der Nadel (1750) von einer AuBenflache der Nadel
(1750) erstrecken.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 6, wobei (i) das Pendelelement
(1754) eine Bohrung (1774) definiert, (ii) sich die Ge-
winde (1778) des Pendelelements (1754) von einer
Innenflache der Bohrung (1774) erstrecken, und (iii)
die Bohrung (1774) zum Aufnehmen der Nadel
(1750) konfiguriert ist.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 7, wobei sich die Bohrung (1774)
vollstdndig durch das Pendelelement (1754) er-
streckt, und die Nadel (1750) zum Erstrecken durch
die Bohrung (1774) des Pendelelements (1754) kon-
figuriert ist.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 5, wobei die Nadel (1670) eine Boh-
rung (1682) umfasst, und sich die Gewinde (1686)
der Nadel (1670) von einer Innenflache der Bohrung
(1682) erstrecken.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 9, wobei (i) sich die Gewinde (1706)
des Pendelelements (1674) von einer Aul3enflache
des Pendelelements (1674) erstrecken, und (ii) die
Bohrung (1682) der Nadel (1670) zum Aufnehmen
des Pendelelements (1674) konfiguriert ist.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach einem der Anspriiche 3 bis 10, wobei (i) der
Verriegelungsmechanismus (1710; 1780) des Pen-
delelements (1674; 1754) und die Verriegelungs-
schnittstelle (1730; 1796) des Auslegerarmgehau-
ses (1718; 1784) Gewinde sind, (ii) sich die Gewinde
(1710; 1780) des Pendelelements (1674; 1754) von
einer AuBenflaiche des Pendelelements (1674;
1754) erstrecken, (iii) sich die Gewinde (1730; 1796)
des Auslegerarmgehduses (1718; 1784) von einer
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Innenflache einer Bohrung (1726; 1792) erstrecken,
die durch das Auslegerarmgehduse (1718; 1784)
definiert ist, und (iv) die Gewinde (1710; 1780) des
Pendelelements (1674; 1754) zum Eingriff mit den
Gewinden (1730; 1796) des Auslegerarmgehauses
(1718; 1784) konfiguriert sind.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 3, wobei (i) das Eingriffselement
(1812) der Nadel (1800) einen Fligel aufweist, der
sich aus einem Korper (1808) der Nadel (1800) her-
aus erstreckt, (i) das Pendelelement (1804) eine
Bohrung (1832) umfasst, die einen axialen Schilitz
(1836) definiert, der zum Aufnehmen des Fliigels
(1812) der Nadel (1800) konfiguriert ist, (iii) sich der
axiale Schlitz (1836) in das Eingriffselement (1840)
des Pendelelements (1804) erstreckt, (iv) das Ein-
griffiselement (1840) des Pendelelements (1804) ei-
nen radialen Schlitz umfasst, und (v) eine Drehung
der Nadel (1800) bewirkt, dass der Fliigel (1812) der
Nadel (1800) in denradialen Schlitz (1840) des Pen-
delelements (1804) zum lésbaren Verbinden des
Pendelelements (1804) mit der Nadel (1800) ein-
greift.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach Anspruch 12, wobei (i) der Verriegelungsme-
chanismus (1824) des Pendelelements (1804) einen
Fligel umfasst, der sich von einem Korper (1820)
des Pendelelements (1804) erstreckt, (ii) das Aus-
legerarmgehéduse (1850) eine Bohrung (1854) um-
fasst, die einen axialen Schlitz (1858) definiert, der
zum Aufnehmen des Fliigels (1824) des Pendelele-
ments (1804) konfiguriert ist, (iii) sich der axiale
Schlitz (1858) in die Verriegelungsschnittstelle (162)
des Auslegerarmgehauses (1850) erstreckt, (iv) die
Verriegelungsschnittstelle (1862) des Auslegerarm-
gehauses (1850) einen radialen Schlitzumfasst, und
(v) eine Drehung des Pendelelements (1804) be-
wirkt, dass der Fliigel (1824) des Pendelelements
(1804) in den radialen Schlitz (1862) des Ausleger-
armgehauses (1850) zum lésbaren Verbinden des
Pendelelements (1804) mit dem Auslegerarmge-
hause (1850) eingreift.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach einem der Anspriiche 1 bis 13, ferner umfas-
send einen mit der Nadel verbundenen Spitzenak-
tuator (180), wobei eine Drehung des Spitzenaktu-
ators (180) eine Drehung der Nadel bewirkt.

Bidirektionales Nahtmaterial-Durchlaufinstrument
nach einem der Anspriiche 1 bis 14, ferner umfas-
send ein Betatigungselement (26), das mit einem
proximalen Ende der Nadel verbunden ist, wobei ei-
ne Verschiebung des Betatigungselements (26) ein
Verschieben der Nadel bewirkt.
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16. Bidirektionales

Nahtmaterial-Durchlaufinstrument
nach einem der Anspriiche 1 bis 15, wobei entweder
das Auslegerarmgehduse oder die Nadel eine Ah-
lenspitze aufweist.

Revendications

Instrument de passage de suture bidirectionnel (10)
configuré de maniéere a ce qu'il réalise une approche
par rapport a des défauts d’un tissu mou, I'instrument
de passage de suture comprenant :

un élément de corps (18) qui définit un canal de
réception d’aiguille (160) ;

un bras en porte-a-faux (22) qui s’étend depuis
I’élément de corps (18), le bras en porte-a-faux
(22) comportant un logement de bras en porte-
a-faux (198 ;1718 ;1784 ; 1850) qui est espacé
de I'élément de corps (18), dans lequel un es-
pace de réception de tissu (202) est disposé en-
tre le logement de bras en porte-a-faux (198 ;
1718 ; 1784 ; 1850) et I'élément de corps (18) ;
une aiguille (34 ; 1670 ; 1750 ; 1800) qui peut
étre translatée en va-et-vient a l'intérieur du ca-
nal (160) de I'élément de corps (18) entre une
position avancée dans laquelle une extrémité
distale de l'aiguille (34 ; 1670 ; 1750 ; 1800)
s’étend a l'intérieur du logement de bras en por-
te-a-faux (198 ; 1718 ; 1784 ; 1850) et une po-
sition rétractée dans laquelle I'extrémité distale
de l'aiguille (34 ; 1670 ; 1750 ; 1800) est rétrac-
tée par rapport au logement de bras en porte-
a-faux (198 ; 1718 ; 1784 ; 1850) ; et

un élément de navette (40 ; 1674 ; 1754 ; 1804)
quiestconfiguré de maniére a ce qu'il soit couplé
de fagon amovible a l'aiguille (34 ; 1670 ; 1750 ;
1800) et au logement de bras en porte-a-faux
(198 ;1718 ; 1784 ; 1850) ;

caractérisé en ce que, (i) lorsque I'élément de
navette (40 ; 1674 ; 1754 ; 1804) est couplé de
fagon amovible a laiguille (34 ; 1670 ; 1750 ;
1800), une rotation de Ilaiguille (34; 1670 ;
1750 ; 1800) par rapport au logement de bras
en porte-a-faux (198 ; 1718 ; 1784 ; 1850) a
pour effet que I'élément de navette (40 ; 1674 ;
1754 ; 1804) est couplé de fagon amovible au
logement de bras en porte-a-faux (198 ; 1718 ;
1784 ; 1850) et (ii) lorsque I'élément de navette
(40 ; 1674 ; 1754 ; 1804) est couplé de fagon
amovible au logement de bras en porte-a-faux
(198 ; 1718 ; 1784 ; 1850), une rotation de
I'aiguille (34 ; 1670 ; 1750 ; 1800) par rapport a
I’élément de navette (40 ; 1674 ; 1754 ; 1804) a
pour effet que l'aiguille (34 ; 1670 ; 1750 ; 1800)
est couplée de fagon amovible a I'élément de
navette (40 ; 1674 ; 1754 ; 1804).
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Instrument de passage de suture bidirectionnel se-
lon la revendication 1, dans lequel (i) I'aiguille (34 ;
1670 ; 1750 ; 1800) inclut une caractéristique d’en-
gagement (252 ; 1686 ; 1766 ; 1812), (ii) I'élément
de navette (40 ; 1674 ; 1754 ; 1804) inclut une ca-
ractéristique d’engagement (314 ; 1706; 1778;
1840) et (iii) lorsque I'’élément de navette (40 ; 1674 ;
1754 ; 1804) est couplé de fagon amovible au loge-
ment de bras en porte-a-faux (198 ; 1718 ; 1784 ;
1850), une rotation de l'aiguille (34 ; 1670 ; 1750 ;
1800) par rapport a I'élément de navette (40 ; 1674 ;
1754 ; 1804) a pour effet que la caractéristique d’en-
gagement (252 ; 1686 ; 1766 ; 1812) de l'aiguille
(34 ;1670 ; 1750 ; 1800) engage la caractéristique
d’engagement (314 ; 1706 ; 1788 ; 1840) de I'élé-
ment de navette (40 ; 1674 ; 1754 ; 1804) de manie-
re a coupler de fagon amovible I'aiguille (104 ; 1670 ;
1750, 1800) a I'élément de navette (40; 1674 ;
1754 ; 1804).

Instrument de passage de suture bidirectionnel se-
lon la revendication 2, dans lequel (i) I'élément de
navette (40 ; 1674 ; 1754 ; 1804) inclut un mécanis-
me de blocage (320 ; 1710 ; 1780 ; 1824), (ii) le lo-
gement de bras en porte-a-faux (198 ; 1718 ; 1784 ;
1850) inclut une interface de blocage (214 ; 1730 ;
1796 ;1862) et (iii) lorsque I'élément de navette (40 ;
1674 ; 1754 ; 1804) est couplé de fagon amovible a
l'aiguille (34 ; 1670 ; 1750 ; 1800), une rotation de
l'aiguille (34 ; 1670 ; 1750 ; 1800) par rapport au lo-
gement de bras en porte-a-faux (198 ; 1718 ; 1784 ;
1850) a pour effet que le mécanisme de blocage
(320; 1710 ; 1780 ; 1824) de I'élément de navette
(40 ; 1674 ; 1754 ; 1804) engage l'interface de blo-
cage (214 ;1730 ;1796 ; 1862) du logement de bras
en porte-a-faux (198 ; 1718 ; 1784 ; 1850) de ma-
niere a coupler de fagon amovible I'élément de na-
vette (40 ; 1674 ; 1754 ; 1804) au logement de bras
en porte-a-faux (198 ; 1718 ; 1784 ; 1850).

Instrument de passage de suture bidirectionnel se-
lon la revendication 3, dans lequel une caractéristi-
que d’engagement (1706 ; 1778) de I'élément de na-
vette (1674 ; 1754) et le mécanisme de blocage
(1710 ; 1780) de I'élément de navette (1674 ; 1754)
sont des filets orientés de fagon opposée.

Instrument de passage de suture bidirectionnel se-
lon 'une quelconque des revendications 2 a 4, dans
lequel les caractéristiques d’engagement (1686 ;
1766) de laiguille (1670 ; 1750) et de I'élément de
navette (1674 ; 1754) sont des filets, et les filets
(1686 ; 1766) de l'aiguille (1670 ; 1750) sont confi-
gurés de maniére a ce qu'ils engagent les filets
(1706 ; 1778) de I'élément de navette (1674 ; 1754).

Instrument de passage de suture bidirectionnel se-
lon la revendication 5, dans lequel les filets (1766)
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12.

de l'aiguille (1750) s’étendent depuis une surface
externe de l'aiguille (1750).

Instrument de passage de suture bidirectionnel se-
lon la revendication 6, dans lequel (i) I'élément de
navette (1754) définit un alésage (1774), (ii) les filets
(1778) de I'élément de navette (1754) s’étendent de-
puis une surface interne de I'alésage (1774) et (iii)
I'alésage (1774) est configuré de maniére a ce qu'il
recoive l'aiguille (1750).

Instrument de passage de suture bidirectionnel se-
lon la revendication 7, dans lequel I'alésage (1774)
s’étend complétement au travers de I'élément de na-
vette (1754) etl'aiguille (1750) est configurée de ma-
niere a ce qu'elle s’étende au travers de I'alésage
(1774) de I'élément de navette (1754).

Instrument de passage de suture bidirectionnel se-
lon la revendication 5, dans lequel 'aiguille (1670)
inclut un alésage (1682) et les filets (1686) de
I'aiguille (1670) s’étendent depuis une surface inter-
ne de l'alésage (1682).

Instrument de passage de suture bidirectionnel se-
lon la revendication 9, dans lequel (i) les filets (1706)
de I'élément de navette (1674) s’étendent depuis
une surface externe de I'élément de navette (1674)
et (ii) 'alésage (1682) de l'aiguille (1670) est confi-
guré de maniére a ce qu'il regoive I'élément de na-
vette (1674).

Instrument de passage de suture bidirectionnel se-
lonl'une quelconque desrevendications 3a 10, dans
lequel (i) le mécanisme de blocage (1710 ; 1780) de
I’élément de navette (1674 ; 1754) et l'interface de
blocage (1730 ; 1796) du logement de bras en porte-
a-faux (1718 ; 1784) sont des filets, (ii) les filets
(1710 ; 1780) de I'élément de navette (1674 ; 1754)
s’étendent depuis une surface externe de I'élément
de navette (1674 ; 1754), (iii) les filets (1730 ; 1796)
du logement de bras en porte-a-faux (1718 ; 1784)
s’étendent depuis une surface interne d’un alésage
(1726 ; 1792) qui est défini par le logement de bras
en porte-a-faux (1718 ; 1784) et (iv) les filets (1710 ;
1780) de I'élément de navette (1674 ; 1754) sont
configurés de maniére a ce qu’ils engagent les filets
(1730 ; 1796) du logement de bras en porte-a-faux
(1718 ; 1784).

Instrument de passage de suture bidirectionnel se-
lon la revendication 3, dans lequel (i) la caractéristi-
que d’engagement (1812) de l'aiguille (1800) inclut
une aile qui s’étend vers I'extérieur depuis un corps
(1808) de l'aiguille (1800), (ii) 'élément de navette
(1804) inclut un alésage (1832) qui définit une fente
axiale (1836) qui est configurée de maniere a ce
qu’elle recoive l'aile (1812) de l'aiguille (1800), (iii)
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15.

16.
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la fente axiale (1836) s’étend a l'intérieur de la ca-
ractéristique d’engagement (1840) de I'élément de
navette (1804), (iv) la caractéristique d’engagement
(1840) de I'élément de navette (1804) inclut une fen-
te radiale et (v) une rotation de l'aiguille (1800) a
pour effet que I'aile (1812) de I'aiguille (1800) engage
la fente radiale (1840) de I'élément de navette (1804)
de maniéere a ainsi coupler de fagcon amovible I'élé-
ment de navette (1804) a 'aiguille (1800).

Instrument de passage de suture bidirectionnel se-
lon la revendication 12, dans lequel (i) le mécanisme
de blocage (1824) de I'élément de navette (1804)
inclut une aile qui s’étend vers I'extérieur depuis un
corps (1820) de I'élément de navette (1804), (ii) le
logement de bras en porte-a-faux (1850) inclut un
alésage (1854) qui définit une fente axiale (1858) qui
est configurée de maniére a ce qu’elle regoive l'aile
(1824) de I'élément de navette (1804), (iii) la fente
axiale (1858) s’étend a l'intérieur de I'interface de
blocage (162) du logement de bras en porte-a-faux
(1850), (iv) I'interface de blocage (1862) dulogement
de bras en porte-a-faux (1850) inclut une fente ra-
diale et (v) une rotation de I'élément de navette
(1804) a pour effet que l'aile (1824) de I'élément de
navette (1804) engage la fente radiale (1862) du lo-
gement de bras en porte-a-faux (1850) de maniére
a ainsi coupler de fagon amovible I'élément de na-
vette (1804) au logement de bras en porte-a-faux
(1850).

Instrument de passage de suture bidirectionnel se-
lon'une quelconque des revendications 1 a 13, com-
prenant en outre un actionneur de pointe (180) qui
est couplé a l'aiguille, dans lequel une rotation de
I'actionneur de pointe (180) a pour effet que I'aiguille
est entrainée en rotation.

Instrument de passage de suture bidirectionnel se-
lon'une quelconque des revendications 1 a 14, com-
prenant en outre un élément d’actionnement (26) qui
est couplé a une extrémité proximale de l'aiguille,
dans lequel une translation de I'élément d’actionne-
ment (26) a pour effet que 'aiguille réalise une trans-
lation.

Instrument de passage de suture bidirectionnel se-
lon'une quelconque des revendications 1a 15, dans
lequel soit le logement de bras en porte-a-faux, soit
I'aiguille inclut une pointe d’alene.
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