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parrel end of the needle. and the barrel end is crimped

Dy the crimping dies to secure the suture therein. 2

end of the needle.
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5 A MEDICAL SUTURING DEVICE, A SINGLE-STRIKE DIE
MECHANISM, AND A METHOD OF USING SATD DIE MECHANISM
FOR _FORMING THE MEDICAL SUTURING DEVICE

10  The present invention relates to single-strike die and

a4 method for using the die to produce a medical
suturing device.

More particularly, the present
lnvention relates to a single-strike die and a method

for using the die to attach a surgical suture to a
15 surgical needle.

The medical procedure of suturing by hand a surgical or
other wound in tissue or organs involves the use of 3

surgical needle with a surgical suture attached

20 thereto. For simplicity, reference will be made

hereafter only to suturing of tissue.

Typically, the needle punctures the tissue from the

outside on one side of the wound, traverses across the

<5 wound and then punctures the tissue from the inside on
the other side of the wound, pulling the suture through
these punctured openings. The suture is then tied-off
'to form a single Suture, or stitch, and to close the
wound between the punctured openings. This procedure

30

1S repeated along the length of the wound.

The needle
is usually

Curved to make it easier to push through

both sides of the tissue and includes a sharpened tip
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at 1ts lead or distal end and a hollow barrel at its

trailing or proximal end, which 1s hollow by virtue of
being formed with a blindg axial hole. The suture is

axially inserted into the hollow end and secured in the

barrel. It is important to tightly secure the suture

separated from the needle during the hand-suturing
procedure.

profiles which complement the shape and diameter of the
barrel of the needle. U.S. Patents No. 4,306,443: No.
4,722,384; and No. 4,799,311 relate LO crimping

apparatus of this type. With the suture inserted into
the hollow barrel of the needle, one die moves relative

to the other to crimp the barrel at one location about

1ts periphery. After the first crimping operation, the
needle is manually rotated and a second and sometimes a3

third crimping operation is performed to securely crimp
the suture within the barrel of the needle. However,

several drawbacks associated with this method, such as

the time consumed in performing several crimping

unsatisfactory procedure.

Another conventional method for attaching a surgical
Suture to the hollow barrel of 3 surgical needle

involves the use of a single-strike die. The die is so

Canadian Patent No. 1,022,734 shows such a single-
strike die for securing a suture to a surgical needle.

Iwo dies are used to perform the crimping, or swaging,
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angle to one another thereby to define a V-shaped
notch. As the dies are compressed about the suture-
containing needle barrel, the needle is crimped at four
radial locations about the barre]. Another example
shows one die with a flat face and a second die with a
V-shaped opening that Cogether crimp the suture-
containing needle at three locations about the barre].
However, the multi-faceted profiles of these dies are
expensive to machine. Moreover, these die profiles are
machined to fit specific barrel diameters. Therefore,

the dies must be Changed if needles with barrels of a
different diameter are to be crimped.

Conventional methods for securing surgical sutures to
surgical needles also suffer from requiring too much
manual input from the machine ocperators. Throughout a
working day, repeated turning of the needle between
Crimps, or manually regulating the crimping pressure of
the machines, which often use prieumatic drive systems
Or electrically powered cam-actuated drive systems, can
reduce the speed and efficiency of producing suture-
containing needles. Still further, requiring the
Operator to determine the locations on the barrel to be
crimped or the amount of pressure to be applied to the
needle leads to inconsistent quality and inferior
Suture-containing needles and increases the failure or
rejection rate. For example, 1if the barrel of the
needle is not crimped at enough locations or the

locations are not properly spaced around the barrel,
the suture can slip out of the barrel during the hand-
suturing procedure. In addition, if the operator
regulates the conventional dies to apply too much

pressure to the barrel it may crack and in such case
the needle will have to be discarded.
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Accordingly, further improvements and advances in

single-strike dies, methods of using single-strike dies
O provide medical sSuturing devices, and medical

suturing devices comprising surgical needles wifrh
securely attached surgical sutures are needed.

Accordingly, it is a principal object of the present

It 1s still another object of the invention to provide
a superior medical suturing device having a surgical
needle with a surgical suture secured therein.

having a pointed leading end and a trailing barrel end,
with a surgical suture axially inserted in the barrel
end. The barrel end is compressed about its

circumference at 2z plurality, for example, three,

symmetrical locations to provide indentations for
securing the suture therein.

In accordance with another aspect of the present

invention, a single-strike die mechanism for securing a

surgical suture to a barrsl of 3 surgical needle

comprises a cam drive ring, having a radial opening,
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mounted for rotational movement about a central axis, cam

drive ring mounting means for rotationally mounting the cam

drive ring, and drive means for rotating the cam drive ring.

A plurality of crimping dies are mounted for movement in a

5 radial direction with respect to the central axis, and a die

gulde symmetrically mounts each of the plurality of crimping

dies for linear movement i1n the radial direction. In

addition, actuating means linearly actuate the plurality of

crimping dies 1n the radial dilirection.

10 In accordance with still another aspect of the

present invention, a method of producing a medical suturing

device by use of a single-strike die having a plurality of

crimplng dies comprises the steps of positioning the

crimpling dies generally to form a circumscribed circle

15 larger in diameter than the barrel end of a surgical needle,

inserting the needle within the cilircumscribed circle, and
closing the crimping dies to a gripping position for lightly
gripping the barrel to secure the needle but so0o as not to

deform the barrel. A surgical suture 1s then axially

20 1nserted into the barrel and the crimping dies are further
closed simultaneously to apply a crimping force to deform
the barrel. The crimping dies are opened slightly to a

testing position which releases the crimping force but does

not permit axial movement of the barrel. The medical

25 suturing device 18 tested by applyving a tensioning force to

the suture, and 1f the device 1s satisfactory, the crimping
dies are then further opened to release the medical suturing

device.

In accordance with a broad aspect of the present
30 invention, there is a single-strike die mechanism for

securing a surgical suture in the hollow barrel end of a

H

.Surgical needle, said mechanism comprising: a plurality of
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crimping dies; a die guide for mounting said crimping dies
for linear movement in a radial direction with respect to a

central axis, saild crimping dies being mounted in said die

guide symmetrically about the central axis;-and drive means
for-simultaneously linearly driving said crimping dieg in
the radial direction to crimp therebetween the hollow barrel
end of a surgical needle, with a suture received axially
therein; wherein said drive means comprises: a cam drive
ring, having a radial opening, therein; cam drive ring
mounting means for mounting said cam drive ring for rotation
about a central axis; means for rotating said cam drive
ring; and means linking said cam drive ring and each of said
plurality of crimping dies for driving said crimping dies 1n
the radial direction when said cam drive ring 1s rotated 1in

one direction by salid drive means.

These and other objects, aspects, features and
advantages of the present invention will become apparent
from the following detailed description of the preferred

embodiments taken in conjunction with the accompanying

drawings.
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Figure 3 is a cross-sectional view taken along plane 3-

3 of Figure 2, showing the crimped barrel end of the
surgical needle;

Figure 4 is a top plan view of a single-strike die
mechanism, in accordance with a first embodiment of the
Present invention, in an open position:

Figure 5 is an isolateqd tLop plan view of the single-
strike die mechanism in an open position:

Figure 6 is a Lop plan view of the single-strike die
mechanism in a closed position;

Figure 7 is an isolated COp plan view of the single-
strike die mechanism in a closed position:

Figure 10 is an isolated COp plan view, similar to

Figure 7, of the second embodiment of the single-strike
die mechanism in the closed position.
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Figures 1 through 3 illustrate a medical suturing
device 10 in accordance with the present invention.

The suturing device comprises a surgical needle 12

trailing, proximal hollow barrel end 16 formed by
having a blind axial hole therein. A surgical suture
20 1s axially inserted into the hollow barrel end to
complete the device 10. The needle can be made, for
example, of surgical grade stalnless steel, and the
Suture can be made of either natural or synthetic
material and consist of a monofilament or a

multifilament braided Structure as are known in the
art.

Figures 2 and 3 show the hollow barrel end of the
needle 12 and illustrate how the Suture 20 is secured
therein. With the suture axially inserted into the
barrel 16, the wall of the hollow barrel end is
deformed to form three radial indentations 18 that may
be arcuate or convex as shown in detail Figure 3,
thereby being partially cylindrical having a radius
greater than the radius of the major portion of the
needle. Alternatively, the indentations may be
substantial flat as described in greater detail below.
Deforming the barrel wall reduces the internal diameter
of the barrel andg compresses, or squeezes, the suture
SO it is secured within the needle. In accordance with

the present invention, the radiail indentations are

as shown in Figure 3. Each indentation 18 is
compressed toward a centerline 17 in the barrel 16 with

the same force to apply three substantially equal
forces to the suture through the barrel wall

symmetrically about its circumference. It has been
found that by using at least three symmetrically
applied forces, the suture can be securely attached to
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the needle and wil} Not become separated therefrom

during the hand~suturing procedure. The apparatus and
method for deforming the barrel of the needle 12 to

a Crimping die 32

The cams are Positioned about the inner circumference

Of a cam drive ring 46, which in turn is supported for



10

15

20

25

30

35

2090844

ring through the meshing of its gear teeth 53 and a
SeCtor of gear teeth 47 on the drive ring 46. The

drive gear 51 1is connected to a drive shafr 54 which is
driven by a motor (not shown) .

Referring now to Figure 5, it can be seen that each
crimping die has a deforming face 35. Each deforming
face 35 has a recessed arcuate or concave crimping
surface 37 and laterally angled surfaces 39 at 1ts
leading end. The crimping faces in this embodiment
desirably have a radius larger than that of the needle.

The operation of the single strike die mechanism 30
will now be explained with reference to Figures 4
through 7. When drive gear 51 1s rotated in the
counterclockwise direction, as indicated by arrow A,
the cam drive ring rotates 46 in the clockwise
direction, as indicate: Dy arrow B, about the center
axis 31. As the drive ring 46 rotates, the angled cam
surfaces 44 force the roller bearings 40 confined in
the wide-end portions 38 of the paths 36 radially
inwardly. Each roller bearing, in turn, forces its
associated crimping die 32 radially inwardly along one
path 36. As will be appreclated, alternative camming
Systems which convert rotational movement of the cam

drive ring into linear movement of the crimping dies
are within the scope of this invention. Moreover,
alternate driving Systems, other than cam drive
systems, that simultaneously drive each of the crimping

dies radially inwardly are also within the scope of
this invention.

The die guide and cam drive ring define a radial
opening 49 that leads from the center axis 31 of the
single-strike die to the outside Of the drive ring
nousing. The mechanism 30 can be positioned so that
the assembled suturing device may be removed through
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invention includes a computer controlled operating
System 56 and a sensor 58,

dsS shown diagrammatically in
Flgures 4 and 6,

CO Operate the single-strike die. The

needle is gripped or deformed by the crimping dies ang
produces an output signal to which the computer

controlled operating System 56 responds.
Alternatively,

the wall thicknesgs Oof the

nollow barrel end, the material and structure of the

Suture thread, and the lubricity of the surface of the

Suture 1inserted into the hollow barrel end. Still

further, an additional Sensor (not shown) can be

operating system and sensor are conventional in and of

themselves, their uniqueness lies in incorporation in

the present invention ang in

crimping dies through five positions during production

0f the medical suturing device shown in Figures 1 to 3.

More particularly, the production process starts with

the crimping dies in an Open position. The crimping

dies are shown in Figure 4 to be in that open position.

The cam drive ring 46 is then rotated in the clockwise
direction by the drive gear 51 to drive the Crimping
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inserting position. At this position, which is shown
in Figure 5, the surfaces 37 of the crimping dies
generally circumscribe or define & circle of slightly
larger diameter than the surgical needle. The surgicail
needle without the suture may then be guided to the
location within the circumscribed circle.

The crimping dies 32 are thereafter again driven ip the
radially inward directions to g3 needle hold/suture
insertion position. At this position, which can be
seen 1in Figure 6, the barrel end of the needle is
gripped firmly to precisely align its centerline 17
with the central axis 31 of the single-strike die

mechanism. However, under control of the computer
controlled operating system -6, for example, which may
respond to sensing by the sensor 58 of the gripping of

the needle by the crimping dies, or which may be
programmed directly to do so, the needle 1s gripped
lightly enough so as not to deform the barrel. The
surgical suture is then axially inserted into the
parrel while the needle is held in this position.

The crimping dies 32 are then driven further in the
radially inward directions to deform the barrel and
securely crimp the needle around the suture. As shown

in Figure 7, in this crimping position the barrel 16 1s

symmetrical positions to crimp the suture within the
barrel. When the crimping is completed, the direction
Of rotating the cam drive ring is reversed by reversing
drive of the drive gear 51 and the Ccrimping dies are
Chen permitted to be urged in the radially outward
directions by the force of the leaf springs 33.
fiowever, the crimping dies are first permitted to
withdraw only slightly from the indentations formed in
the barrel to a testing position. The circle generally
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barrel. Therefore, axial movement of the needle is

needle. This tensioning force is measured against a
Predetermined force value. If the suture remains

crimped in the needle when the predetermined tensioning
force is applied to the Suture, it is judged that the

suture is satisfactorily attached within the needle.

counterclockwise rotation of the cam drive ring 46

again to be placed in the open position. The crimping
dies thus completely release the suturing device in

this position, and it may be removed from the single-

accurately to within tenths of thousandths of an inch.
Thus, the single-strike die mechanism can continually
and consistently produce reliable medical suturing

devices. 8till further, since the computer controlled

Operating system is Operated by software, adjusting the
single-strike die to accommodate needles of different
diameters can be done almost instantaneously Dy
regulating the positions of the crimping dies. This
feature significantly reduces the amount of retooling
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Ot the crimping dies that must be done to accommodate
needles of different diameters.

those of the first embodiments shown in Flgures 5, ¢

and 7 and as described above, with one-exception.

Therefore, all reference numerals used in Figures 8, 9
10 and 10 are the same as those used in Figures 5,
but with the addition of 3 "prime" .

6 and 7

The difference between the first and second embodiments

1s that in the second the crimping surface 37’

1> deforming face 35’ of each die 32’ 1ig flat, not

concave. Therefore the second embodiment will
three substantially flat, not convex,

produce

indentations in
the hollow barrel end of the needle when it is crimped

by the die mechanism. Thus, the convex surfaces 18

shown in Figures 2 andg 3 will appear substantially flat
a4s shown in Figures 9 and 10 when produced by the die
mechanism of the second embodiment. This second
configuration may be desirable when added crimping
force is sought to be applied to the suture.

20

25

Although specific embodiments of the Present invention

have been described above in detail, it will be

understood that this description 1S merely for purposes

of illustration. Various modifications of and

30 equivalent structures corresponding to the disclosed

aspects of the preferred embodiments in addition to

present invention which is defined in the following

35 c¢laims, the Scope of which is to be accorded the
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CLAIMS :

1. A single-strike die mechanism for securing a
surgical suture in the hollow barrel end of a surgical

needle, said mechanism comprising:
a plurality of crimping dies;

a die guide for mounting said crimping dies for
linear movement in a radial direction with respect to a
central axis, sald crimping dles being mounted in said die

gulide symmetrically about the central axis; and

drive means for simultaneously linearly driving
sald crimping dies in the radial direction to crimp
therebetween the hollow barrel end of a surgical needle,

with a suture received axially therein;
wherelin said drive means comprises:

a cam drive ring, having a radial opening,

therein;

cam drive ring mounting means for mounting said

cam drive ring for rotation about a central axis;

means for rotating said cam drive ring; and

means linking said cam drive ring and each of said
plurality of crimping dies for driving sald crimping dies 1n
the radial direction when said cam drive ring 18 rotated in

one direction by sald drive means.

2. A gingle-strike die mechanism according to

Claim 1, wherein said linking means includes cam means for

converting rotational movement of said cam drive ring into

linear movement of said plurality of crimping dies.
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3. A single-strike die mechanism according to

Claim 2, wherein saild cam means includes a cam and a roller
bearing associated with each said crimping die, wherein said
cams are mounted on said cam drive ring and sald roller
bearings are provided in said die guide, and wherein said
cams drive said roller bearings and crimping dies radially
inwardly toward the central axis when said cam drive ring 1s

rotated by said drive means.

4, A single-strike die mechanism according to
Claim 1, further comprising control means for regulating
linear movement of said plurality of crimping dies by

controlling rotational movement of said cam drive ring.

5. A single-strike die mechanism according to
Claim 4, further comprising sensor means for sensing the
force applied radially to the hollow barrel end of a
surgical needle by said crimping dies, sald sensor means

being connected to said control means.

6 . A single-strike die mechanism according to
Claim 1, further comprising computer control means

programmed to control rotation of said cam drive means by

said drive means in dependence upon at least one of the

diameter of the hollow barrel end of the surgical needle 1in

which a surgical suture is secured, the wall thickness of
the barrel end, the material of the surgical needle, the
material of the suture, the structure of the suture, and the

lubricity of the surface of the suture inserted 1nto the

hollow barrel end.

b |

e-strike die mechanism according to

7. A sing

Claim 1, wherein each of said crimping dies is formed with a

crimping face and each said crimping face is one of

partially cylindrical in shape and substantially flat.
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