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System, method and apparatus for making tapered looped suture
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thread; and a welding/cutting assembly (130) configured
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims benefit to and
priority from U.S. Provisional Application No. 61/108,581,
filed October 27,2009, the entire disclosure of which is
incorporated by reference herein.

BACKGROUND
Technical Field

[0002] The present disclosure relates to a method of
forming a looped suture. More particularly, the present
disclosure relates to a method of forming a looped suture
having a tapered cut.

Background of Related Art

[0003] A method for forming a loop in a suture during
a wound closing procedure is known. The method in-
cludes using a device to ultrasonically weld together first
and second ends of a suture that have been received
through opposing sections of tissue. The welding of the
suture ends forms a loop that retains the opposing sec-
tions of tissue adjacent one another, thereby assisting in
the healing of the wound. Because the loop is formed in
the suture after the suture has been received through
tissue of a patient, to be useful for any practical purpose,
the ultrasonic device must be configured for handheld
operation. In this manner, a clinician may operate the
device in an operating room or a doctor’s office. As with
all handheld devices, the configuration and effectiveness
of the handheld ultrasonic device is limited by its size and
weight. The limitations created by the size and weight
restrictions of the device become apparent during the
forming of a loop on a suture prior to engagement with
tissue.

[0004] Therefore, it would be beneficial to have a sys-
tem and method for more effectively forming a loop on a
suture prior to engagement of tissue with the suture. It
would be further beneficial if the system and method
could form a tapered end on the loop.

SUMMARY

[0005] Accordingly, a system for forming a looped su-
ture having a tapered cut is provided. The system in-
cludes a base for selectively retaining a portion of thread,
a clamping device for receiving a first end of the thread,
a tensioning device for receiving a second end of the
thread, and a welding assembly configured to join a first
section and a second section of the thread to form a loop.
The welding assembly may further comprises a cutting
assembly, which forms a tapered end on the first section
of the thread.

[0006] The base may include a suture nest, a pin re-
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taining member, a pin, and a pin locking member. The
pin retaining member may be pivotally mounted to the
base. The pin may be configured to receive a portion of
the thread thereabout. The base may include atleastone
channel for receiving at least a portion of the second sec-
tion of the thread. The cutting assembly of the system
may include a die having a suture engaging portion and
a suture cutting portion. In one embodiment, the welding
assembly is moved relative to the base. Alternatively, the
base is moved relative to the welding assembly. The
welding assembly is configured for operable connection
to an ultrasonic generator.

[0007] A method of forming a loop in a thread is also
provided. The method including the steps of providing a
loop forming system including, a base for securely re-
taining a thread to be formed, a clamp for retaining a first
end of the thread, a tensioning member for retaining a
second end of the thread and applying tension to the
thread, and a welding assembly for forming a loop having
a tapered end in the thread, securing a portion of the
thread to the base such that a first section of the thread
is maintained adjacent to a second section of the thread,
approximating the welding assembly and the base to-
wards each other, fusing the first section of thread to the
second section of thread, cutting a tapered end on a prox-
imal end of the first section of the thread, approximating
the welding assembly and base away from each other,
and optionally removing the formed suture from the base.
The welding assembly may further include a cutting as-
sembly which has a die having a thread engaging portion
and a thread cutting portion.

[0008] A die for forming a looped suture is also provid-
ed. The die includes a base portion, a connecting portion
extending from the base portion configured for selectively
engaging an ultrasonic device, and a suture mount ex-
tending from the base portion opposite the connecting
portion. The suture mount includes a thread engaging
portion and thread cutting portion configured to form a
loop having a tapered end in a thread. The connecting
portion may include threads. The thread engaging portion
may be flat. The base portion may be configured to be
selectively engaged by a removal/installation tool.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are incor-
porated in and constitute a part of this specification, il-
lustrate embodiments of the disclosure and, together with
a general description of the disclosure given above, and
the detailed description of the embodiment(s) given be-
low, serve to explain the principles of the disclosure,
wherein:

[0010] FIG. 1Ais aside view of a looped suture includ-
ing a tapered portion;

[0011] FIG. 1B is a cross-sectional end view of the
looped suture of FIG. 1A, taken along line 1B-1B;
[0012] FIG. 1C is an enlarged side view of portion 1C
of FIG. 1A;
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[0013] FIG. 2Ais afront view of a base for using in the
tapered loop forming method of the present disclosure;

[0014] FIG. 2B is a side view of the base of FIG. 2A;
[0015] FIG. 2C is a top view of the base of FIGS. 2A
and 2B;

[0016] FIG. 3A is a side view of the base of FIGS.

2A-2C loaded with a suture and including a welding as-
sembly, a suture retaining assembly and a suture ten-
sioning assembly;

[0017] FIG. 3Bis a top view of the loaded base of FIG.
3A;
[0018] FIG. 4Ais front view of a die for forming a looped

suture in accordance with an embodiment of the present
disclosure;

[0019] FIG. 4B is a side view of the die of FIG. 4A;
[0020] FIG.4Cistopviewofthedie of FIGS.4Aand4B;
[0021] FIG. 4D is an enlarged view of portion 4D of
FIG. 4B;

[0022] FIG. 4E is an enlarged cross-sectional view of

portion 4E of FIG. 4A;

[0023] FIG. 4F is a perspective view of the die of FIGS.
4A-4E;
[0024] FIG.5is across-section view of the loaded base

of FIGS. 3A and 3B;

[0025] FIGS. 5A and 5B are enlarged views of portion
4 of FIG. 3C, with the suture in pre-welded (FIG. 5A) and
post-welded (FIG. 5B) configurations;

[0026] FIG. 6A is a enlarged partial cross-sectional
side view of a looped suture forming assembly according
to an embodiment of the present disclosure, prior to form-
ing of the loop;

[0027] FIG. 6B is an enlarged partial cross-sectional
side view of the suture forming assembly of FIG. 6B, dur-
ing forming of the loop; and

[0028] FIG. 6C is an enlarged partial cross-sectional
side view of the suture forming assembly of FIGS. 6A
and 6B, following formation of the loop.

DETAILED DESCRIPTION

[0029] A method for forming a looped suture including
a tapered cut is herein described. Referring initially to
FIGS. 1A-1C, alooped suture formed in accordance with
a method of the present disclosure is shown generally
as looped suture 10. Suture 10 is formed from a mono-
filament thread 11; however, it is envisioned that suture
10 may be formed from braided threads, multifilament
threads and other surgical fibers. Although shown having
a circular cross-sectional geometry, the cross-sectional
geometry of thread 11 may be of any suitable shape,
e.g., round, elliptical, square, flat, octagonal, and rectan-
gular. Thread 11 may be formed of degradable materials,
non-degradable materials, and combinations thereof.
Thread 11 may be formed using any technique within the
purview of those skilled in the art, such as, for example,
extrusion, molding and/or gel spinning.

[0030] With reference to FIGS. 1A and 1B, looped su-
ture 10 includes a loop 12 formed on a distal end 10b
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thereof. Loop 12 forms a substantially teardrop shape
and may be formed of any size. Afirst section 13 of mono-
filament thread 11 overlays a second section 14 of thread
11 to form loop 12. The adjacent surfaces of first and
second sections 13, 14 form a joined segment or joint
15. As shown, joined segment 15 extends beyond first
section 13 of thread 11. In this manner, first and second
sections 13, 14 of thread 11 are less likely to separate
or peelaway from each other aslooped suture 10is pulled
through tissue (not shown).

[0031] As will be described in further detail below, first
and second sections 13, 14 of thread 11 are welded to-
gether to form joined section 15. In this manner, first and
second sections 13, 14 of thread 11 are locally heated
until each fuses to form joined segment 15. Various types
of energy may be used to locally heat first and second
sections 13, 14 to form joined segment 15, including,
radio frequency (RF), ultrasonic, laser, electrical arc dis-
charge, and thermal. Alternatively, first and second sec-
tions 13, 14 of thread 11 may be joined using glue, epoxy
or other adhesive.

[0032] With particular reference to FIG. 1C, a proximal
end 13a of first section 13 is angled to form a tapered
surface 17. Tapered surface 17 angles downwardly to-
wards proximal end 10a of looped suture 10. Tapered
surface 17 may form an angle between zero degrees (0°)
and ninety degrees (90°), and preferably from about fif-
teen degrees (15°) to about sixty degrees (60°). Tapered
surface 17 facilitates insertion of loop 12 into or through
tissue (not shown). In one embodiment, tapered surface
17 isformed such that joined segment 15 extends beyond
first section 13 of thread 11. In this manner, tapered sur-
face 17 forms a smooth transition with second section
14 of thread 11, thereby decreasing the likelihood that
first and second sections 13, 14 might separate or peel
away from each other as looped suture 10 is pulled
through tissue.

[0033] Although shown having a substantially planar
taper, tapered surface 17 may include any number of
configurations. For example, tapered surface 17 may be
beveled, may include a laterally and longitudinally con-
cave taper, may include a laterally and longitudinally con-
vex taper, or may include any combination thereof. The
angle and/or configuration of tapered surface 17 may be
selected depending on the tissue being sutured and/or
the depth loop 12 is desired to be received within the
tissue (not shown).

[0034] A system for forming loop 12 on distal end 10b
of looped suture 10 will now be described with reference
to FIGS. 2A-6C, and is shown generally as system 100.
System 100 includes a fixture member or base 110, a
suture retaining member 120 (FIG. 3A), a suture tension-
ing member 125 (FIG. 3A), and a welding/cutting assem-
bly 130 (FIGS. 3A and 3B).

[0035] Referring initially to FIGS. 2A-2C, base 110 in-
cludes a platform 112, a suture nest 114, a pin retaining
member 116, a pin 116a extending from pin retaining
member 116 and a pin lock 118. Platform 112 includes
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one or more openings 112a for securing base 110 to a
workstation (not shown) using bolts 112b or other suita-
ble fixation means. As shown, suture nest 114 isintegrally
formed with platform 112. Alternatively, suture nest 114
is releasably attached or securely affixed to platform 112.
Nest 114 includes one or more channels 115 extending
across a top surface 114a thereof. As will be described
in further detail below, channels 115 are configured to
partially receive a portion of suture thread 11, including
second section 14 (FIG. 1C). Nest 114 further includes
raised outer portions 113 extending along proximal and
distal ends 115a, 115b of channels 115. In one embod-
iment, raised outer portions 113 include openings 113a
configured to receive two lengths of suture thread 11 ad-
jacent to or on top of one another. As shown, suture nest
114 includes three channels 115; however, it is envi-
sioned that suture nest 115 may include one or more
channels 115. In one embodiment, suture nest 114 may
be formed without a channel. In this manner, first and
second portions 13, 14 of suture thread 11 are received
in opening 113a and are maintained adjacent to one an-
other through the tension applied by suture tensioning
means 125 (FIG. 3A).

[0036] Still referring to FIGS. 2A-2C, pin 116a extends
from pin retaining member 116. Pin retaining member
116 is pivotally attached to platform 112 such that pin
116amay be selectively positioned and securely retained
perpendicular to channels 115 along an end thereof (FIG.
3B). Pin lock 118 is pivotally attached to suture nest 114
and is configured to secure pin 116a in the perpendicular
position adjacent proximal end 115a of channels 115.
Alternatively, pinlock 118 is integrally formed with suture
nest 114. In another embodiment, pin retaining member
116 is releasably attached or securely affixed to platform
112. The diameter of pin 116a may be varied depending
on the desired size of loop 12.

[0037] Turning briefly to FIG. 3A, as discussed above,
system 100 also includes suture retaining means 120
and suture tensioning means 125. Suture retaining
means 120 may include a clamp or other device config-
ured to retain a proximal end 11a of suture thread 11.
Suture tensioning means 125 may include a hydraulic or
pneumatic tensioning cylinder or other tensioning device
configured to receive a distal end 11b of suture thread
11 and to apply tension to suture thread 11 once thread
11 has been securely received about pin 116a. Suture
retaining means 120 and suture tensioning means 125
are positioned adjacent distal end 115b of channel 115
to securely receive respective proximal and distal ends
11a, 11b of suture thread 11 during the forming of loop 12.
[0038] WithreferencetoFIGS. 3A and 3B, welding/cut-
ting assembly 130 includes an ultrasonic device 132 op-
erably connected to a generator (not shown) for ultrason-
ically vibrating a die 200 extending from ultrasonic device
132. In one embodiment, welding/cutting assembly 130
is operatively mounted on a press assembly (not shown)
for approximating die 200 of welding/cutting assembly
130 towards and away from base 110, in the direction of
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arrows "A;", to engage and disengage, respectively,
thread 11. The press assembly may further be configured
to move welding/cutting assembly 130 along thread 11,
in the direction of arrows "A,". In an alternative embodi-
ment, welding/cutting assembly 130 is securely mounted
relative to base 110 and base 110 is raised and lowered
with respect to welding/cutting assembly 130, in the di-
rection of arrows "B4", and is moved laterally with respect
to welding/cutting assembly 130, in the direction of ar-
rows "B,". In another embodiment, either or both of base
110 and welding/cutting assembly 130 are moved rela-
tive to each other.

[0039] With reference now to FIGS. 4A-4F, in one em-
bodiment, die 200 defines a substantially bolt like mem-
ber 202 including a base 204 and a threaded extension
206. Threaded extension 206 is configured for operable
engagement with a press (not shown). Base 204 is con-
figured to be engaged by a removal/installation tool such
as a wrench (not shown). In this manner, die 200 may
be replaced as necessary. A suture mount 210 extends
from base 204 and defines a channel 212 for receiving
first section 13 of thread 11 (FIG. 1A). Although shown
including channel 212, itis envisioned that base 204 may
instead form a substantially flat thread engaging surface.
[0040] Still referring to FIGS. 4A-4F, formed within
channel 212, suture mount 210 includes a thread engag-
ing portion 214 and a thread cutting portion 216. Thread
cutting portion 216 includes a rounded edge 216a having
a substantially flat cutting surface for severing the excess
portion of first section 13 of thread 11 and forming tapered
surface 17. In an alternative embodiment, edge 216a
may include a convex, concave and/or beveled cutting
surface for forming a concave, convex and/or beveled
tapered surface 17. Thread engaging portion 214 of su-
ture mount 210 defines a substantially planar surface
214a. In alternative embodiments, thread engaging por-
tion 214 of suture mount 210 may define a surface cor-
responding to the contour of suture thread 11. In this
manner, thread engaging portion 214 may include a con-
cave, convex or beveled surface to correspond with a
suture thread having a convex, concave or beveled pro-
file. It is further envisioned that thread engaging portion
214 may include one or more notches (not shown) con-
figured to accommodate barbs (not shown) formed on
thread 11. In this manner, the barbs would be received
within the notches formed in thread engaging portion 214
and not be flattened during the welding/cutting process.
In certain embodiments (not shown), the die does not
include a cutting surface, and the cutting step may be
performed utilizing a separate cutting blade.

[0041] The method of forminglooped suture 10 utilizing
system 100 will now be described with reference to FIGS.
3A and 5-6C. Referring initially to FIG. 3A, a proximal
end 11a of thread 11 is securely locked in a clamp 120.
Second section 14 of thread 11 is then positioned within
a channel 115 of nest 114. Thread 11 is next wrapped
around pin 116a before first section 13 of thread 11 is
placed on top of or adjacent second section 14. A distal
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end 11b of thread 11 is then received in tension cylinder
125. Tensioning cylinder 125 is then activated to tension
thread 11 withinbase 110. To prevent stretching of thread
11 during the forming of looped suture 10, and to thereby
maintain the consistency and integrity of thread 11,
thread 11 may be formed of a pre-stretched material.
[0042] With particular reference now to FIGS. 5-6C,
once first and second sections 13, 14 are positioned ad-
jacent one another, welding/cutting assembly 130 is ap-
proximated towards suture nest 114, in the direction of
arrow "A", and laterally with respect to suture nest 114,
in the direction of arrow "A,". Alternatively, as discussed
above, suture nest 114 may be moved relative to welding/
cuttingassembly 130, inthe direction of arrows "B4", "B,".
As welding/cutting assembly 130 and suture nest 114
are approximated, first section 13 of suture thread 11 is
received within channel 212 of die 200. Ultrasonic device
132 may be activated at any point during this process to
ultrasonically vibrate die 200.

[0043] Continued approximation of die 200 toward su-
ture nest 114 causes thread cutting portion 216 of suture
mount 110 to engage first section 13. The ultrasonic vi-
bration of die 200 permits thread cutting portion 216 to
easily cut through first section 13 as welding/cutting as-
sembly 130 is moved towards suture nest 114. The con-
tinued movement of die 200 causes thread engaging por-
tion 214 to engagefirst section 13 ofthread 11. The down-
ward pressure exerted on first section 13 of thread 11
from the continued approximation of die 200 towards nest
114 (FIG. 6B), in combination with ultrasonic vibration of
die 200, causes the contacting portions of first and sec-
ond sections 13, 14 to heat and begin to melt. The melting
of the contacting portions of first and second sections 13,
14 causes first and second sections 13, 14 to fuse, there-
by creating joined section 15. As thread contacting por-
tion 214 engages first section 13 of thread 11 to form
joined section 15, thread cutting portion 216 completely
severs distal end 11b of thread 11 from the remainder of
thread 11, thereby forming tapered surface 17. In an al-
ternate embodiment, thread cutting portion 216 only par-
tially severs distal end 11b of thread 11 from the remain-
der of thread 11, thereby requiring subsequent removal
of the remainder thread.

[0044] The rate at which base 110 and/or welding/cut-
ting assembly 130 are approximated towards one anoth-
er relative to the rate at which base 110 and/or weld-
ing/cutting assembly 130 are laterally moved relative to
one another effects angle o (FIG. 6C) of tapered surface
17. The slower base 110 and/or welding/cutting assem-
bly 130 moves laterally relative to the other with respect
to the rate of respective, upward and/or downward move-
ment of base 110 and/or welding/cutting assembly 130,
the greateris angle o of tapered surface 17. The converse
is also true. The rate of lateral movement of base 110
and/or welding/cutting assembly 130 relative to the rate
of respective, relative upward and/or downward move-
ment, may be increased to lessen the angle o of tapered
surface 17.
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[0045] Once firstand second sections 13, 14 are fused
to create joined section 15, welding/cutting assembly 130
is approximated away from suture nest 114 and looped
suture 10 is removed from pin 116a. Suture 10 may in-
clude flash or debris (not shown) formed during the weld-
ing/cutting process. The flash may need to be removed
before looped suture 10 may be used.

[0046] Although the illustrative embodiments of the
present disclosure have been described herein with ref-
erence to the accompanying drawings, it is to be under-
stood that the disclosure is not limited to those precise
embodiments, and that various other changes and mod-
ifications may be effected therein by one skilled in the art
without departing from the scope or spirit of the disclo-
sure. For example, it is envisioned that loop forming sys-
tem 100 may include more than one welding/cutting as-
sembly 130 to produce more than one looped suture 10
per activation.

[0047] The invention may be described by reference
to the following numbered paragraphs:-

1. A system for forming a looped suture having a
tapered cut, the system comprising:

a base for selectively retaining a portion of
thread;

a clamping device for receiving a first end of the
thread;

a tensioning device for receiving a second end
of the thread; and

a welding assembly configured to join afirst sec-
tion and a second section of the thread to form
a loop.

2. The system of paragraph 1, wherein the welding
assembly further comprises a cutting assembly.

3. The system of paragraph 2, wherein the cutting
assembly forms a tapered end on the first section of
the thread.

4. The system of any of paragraphs 1 to 3, wherein
the base includes a suture nest, a pin retaining mem-
ber, a pin, and a pin locking member, preferably
wherein the pin retaining member is pivotally mount-
ed to the base and/or wherein the pin is configured
to receive a portion of the thread thereabout.

5. The system of any of paragraphs 1 to 4, wherein
the base includes at least one channel for receiving
at least a portion of the second section of the thread.

6. The system of any of paragraphs 2 to 5, wherein
the cutting assembly includes a die having a suture
engaging portion and a suture cutting portion.

7. The system of any of paragraphs 1 to 6, wherein
the welding assembly is moved relative to the base,
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or the system of paragraph 1, wherein the base is
moved relative to the welding/cutting assembly.

8. The system of any of paragraphs 1 to 7, wherein
the welding assembly is operably connected to an
ultrasonic generator.

9. Amethod of forming aloop in a thread, the method
comprising the steps of:

providing a loop forming system including, a
base for securely retaining a thread to be
formed, a clamp for retaining a first end of the
thread, a tensioning member for retaining a sec-
ond end of the thread and applying tension to
the thread, and a welding assembly for forming
a loop;

securing a portion of the thread to the base such
that a first section of the thread is maintained
adjacent to a second section of the thread;
approximating the welding assembly and the
base towards each other to fuse the first section
of thread to the second section of thread and cut
a tapered end on a proximal end of the first sec-
tion of the thread; and,

approximating the welding assembly and base
away from each other.

10. The method of paragraph 9, wherein the welding
assembly further comprises a cutting assembly,
preferably wherein

the cutting assembly forms a tapered end on the
thread.

11. The method of paragraph 9 or 10, further com-
prising removing the formed suture from the base.

12. The method of any of paragraphs 10 or 11,
wherein the cutting assembly includes a die having
a thread engaging portion and a thread cutting por-
tion.

13. A die for forming a looped suture, the die com-
prising:

a base portion;

a connecting portion extending from the base
portion being configured for selective engage-
ment with an ultrasonic device; and

a suture mount extending from the base portion
opposite the connecting portion, wherein the su-
ture mount includes a thread engaging portion
and thread cutting portion being configured to
form a loop having a tapered end in a thread.

14. The die of paragraph 13, wherein the connecting
portion includes threads and/or the die of paragraph
13, wherein the thread engaging portion is flat.
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15. The die of paragraph 13 or 14, wherein the base
portion is configured to be selectively engaged by a
removal/installation too, and/or

the die of paragraph 13, wherein the suture mount
includes a channel configured to selectively receive
a portion of thread, preferably wherein

the thread engaging portion and the cutting portion
are formed within the channel.

Claims

A system for forming a looped suture having a ta-
pered cut, the system comprising:

a base for selectively retaining a portion of
thread;

a clamping device for receiving a first end of the
thread;

a tensioning device for receiving a second end
of the thread; and

a welding/cutting assembly configured to join a
first section and a second section of the thread
to form a loop, wherein both the base and the
welding/cutting assembly are movable relative
to one another.

The system of claim 1, wherein the cutting assembly
forms atapered end on the first section of the thread.

The system of any of claims 1 to 2, wherein the base
includes a suture nest, a pin retaining member, a
pin, and a pin locking member, preferably wherein
the pin retaining member is pivotally mounted to the
base and/or wherein the pin is configured to receive
a portion of the thread thereabout.

The system of any of claims 1 to 3, wherein the base
includes at least one channel for receiving at least a
portion of the second section of the thread.

The system of any of claims 1 to 4, wherein the cut-
ting assembly includes a die having a suture engag-
ing portion and a suture cutting portion.

The system of any of claims 1 to 5, wherein the weld-
ing assembly is moved relative to the base, or the
system of claim 1, wherein the base is moved relative
to the welding/cutting assembly.

The system of any of claims 1 to 6, wherein the weld-
ing assembly is operably connected to an ultrasonic
generator.

A method of forming a loop in a thread, wherein the
thread has a tapered cut, the method comprising the
steps of:
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providing a loop forming system including, a
base for securely retaining a thread to be
formed, a clamp for retaining a first end of the
thread, a tensioning member for retaining a sec-
ond end of the thread and applying tension to
the thread, and a welding/cutting assembly for
forming a loop according to claim 1;

securing a portion of the thread to the base such
that a first section of the thread is maintained
adjacent to a second section of the thread;
approximating the welding assembly and the
base towards each other to fuse the first section
of thread to the second section of thread and cut
a tapered end on a proximal end of the first sec-
tion of the thread; and,

approximating the welding assembly and base
away from each other:

wherein the slowerthe base and/or cutting/weld-
ing assembly move laterally relative to one an-
other with respect to the rate of respective, up-
ward and/or downward movement of the base
and/or welding/cutting assembly, the greater the
angle o of the tapered surface.

The method of claim 8 or 9, further comprising re-
moving the formed suture from the base.

The method of any of claims 8 or 9, wherein the cut-
ting assembly includes a die having a thread engag-
ing portion and a thread cutting portion.
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