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Surgical Instrument And Method

The present application claims priority from Dutch patent application NL
1025852, filed 31 March 2004 and U.S. Application No. 11/025,727, filed 29 December

2004, the contents of both of which are hereby incorporated by reference in their entirety.

FIELD OF THE INVENTION

The invention relates to a surgical instrument to be used for suturing tissue while

reducing the possibility of needle perforation accidents.

BACKGROUND

Standard suturing instruments and techniques present significant risks to both
patient and surgeon by way of possible glove perforation accidents in which a suture
needle penetrates the surgeon’s glove. Such perforation accidents may allow pathogenic
organisms such as, but not limited to, the hepatitis virus B, the hepatitis virus C and the
human immunodeficiency virus (HIV) to be transmitted from the patient to the

practitioner.

Conversely, a perforation accident may cause a break in the sterile barrier
between practitioner and patient, which increases the risk of the patient's wound

becoming infected.

One approach to help avoid this problem involves the use of surgical forceps of
the kind described in U.S. Patent Application US 2003/0045833 Al. The surgical
forceps described in that application has near the distal end at the outside of an arm of the
forceps a flexible material that can be used for manipulating a surgical needle during

suturing in order to attempt to prevent needle perforation accidents.

Among the drawbacks of these and other surgical forceps is that when suturing
using a surgical needle and a suture attached thereto, the tissue may sustain damage. This
is a particular liability where delicate tissue is concerned through which it is difficult to
pass the surgical needle without causing tissue damage. The point of the surgical needle
initially pushes the tissue forward to subsequently lance it, which causes damage to the

tissue. Moreover, in the surgical forceps described in the above application, the
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placement of the flexible material on the outside of the arm requires release of the tissue
in order to receive the needle. Alternatively, the instrument may be pushed further into
the wound thereby increasing the likelihood of damaging the tissue and/or previously tied

sutures.

Thus, there remains a need for suturing forceps, which minimize the risk of glove

perforation accidents and tissue damage.

SUMMARY OF THE INVENTION

The present invention is directed to a surgical instrument (suturing forceps) useful
in conventional surgery, endoscopic and robotic surgery. The instrument comprises a
first arm and a second arm that are connected at a proximal end (optionally spring-
connected) so as to bias the arms in an open configuration and which define a space
between them which can be reduced or increased. At a distal end, the arms can be
moved towards each other thereby reducing the space between the arms. The instrument
further comprises a surgical needle-receiving and affixing portion herein referred to as a
“bullet” at the distal end of at least the first arm and/or the second arm, at an inside
and/or lower side of the distal end of an arm. Preferably the bullet forms part of the

tissue-gripping surface of the forceps. The bullet may be removable from the instrument.

The invention is further directed to the forceps described above comprising an
arm manipulating means by which one arm of the instrument, preferably the arm lacking
the bullet may move away from the 'surgical field during the suturing procedure.
Specifically, the manipulated arm is removed from the path defined by the movement of
the surgical needle during suturing, which is itself defined by the curvature of the needle.

Such manipulation of an arm avoids contact with the tissue being sutured thereby

preventing tissue damage and facilitating the suturing process.

This may be accomplished using a variety of means including, for example, using
a hinge mechanism fixed at the proximal or distal end of at least one arm of the
instrument, as described in more detail below. The bullet can be placed at the distal end
of the first arm and/or at the distal end of the hinge mechanism. The hinge is designed to
provide a means for drawing the distal end of one of the arms away from the surgical

field (preferably the arm opposite the bullet) as the distance between the distal ends of
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the arms increases. Conversely, as the distance between the distal ends of the arms
decreases, the distal end of the arm acted upon by the hinge mechanism extends so that
the arms become of similar length as the distal ends of the arms make contact with each

other.

The invention is further directed to a method for suturing tissue using the
instrument of the present invention comprising the steps of 1) securing and supporting a
first area of tissue to be sutured with the distal ends of the instrument, 2) securing a
surgical needle and a suture material attached thereto with a needle holding tool, 3)
piercing the first area of tissue to be sutured with the needle using the bullet to support
the tissue, 4) passing the needle through the tissue into or onto the bullet, 5) releasing the
needle from the needle holding tool, 6) releasing the first area of tissue secured by the
distal ends of the instrument, 7) guiding the affixed needle with the instrument following
the curvature of the needle, 8) removing the needle from the bullet with the needle
holding tool, and 9) repeating steps 1-8 on a second area of tissue to be sutured to the
first area of the lesion whereupon the suture passing through the first and second areas of
tissue is tied in a knot. Alternatively, prior to the bullet receiving and affixing the
surgical needle, the surgical needle in one movement may pierce the first and second
areas of tissue to be sutured. The suture is knotted by a force applied by the needle
holding tool pulling on the end of the suture and a second pulling force applied by the

instrument to which the surgical needle is affixed.

According to an important aspect of the present invention, the bullet is provided
as or on a disposable item that can be affixed to a standard medical forceps. In one
important embodiment, the bullet is provided on a disposable forceps-like device that can
itself be affixed to a standard medical forceps or other suitable manipulative device. Of
importance, the disposable portion is preferably embodied as a single use component.
Reuse may be prevented by ensuring that a connection, formed between the bullet or its
holder and the forceps or manipulator, is broken once the connection is opened. The
bullet may then be disposed of together with the suture needle on finishing the suture

procedure.

According to a yet further aspect of the invention, the bullet is provided as part of
a surgical system comprising all those items required for performing suture. The surgical

system may comprise a bullet as herein described, with or without a holder, together with
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a surgical needle and suture. An appropriate dispensing package may be provided for
conveniently dispensing a number of needles and sutures to the surgeon during the
suturing procedure. In particular the suture may be of the atraumatic type in which an
eyeless needle and suture are combined. Such a system may facilitate suitable
presentation of, and disposal of, said forceps and or bullet and or surgical needle and
suture, and or other surgical sharp implements such as a scalpel blade, in such a manner
to facilitate the surgical and suturing process, and to eliminate further the possibility of
percutaneous injuries. The system will comprise some or all aspects of the items

described herein, and related packaging to facilitate the effective use of the system.

Further advantages of the invention will be appreciated with reference to the

appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further elucidated by way of exemplary embodiments
that form no limitation to the appended claims, and with reference to the following

drawings.

In the drawings:
Figure 1 shows a perspective view of a surgical instrument according to the invention;
Figure 2 shows a side elevation of the surgical forceps shown in Figure 1;

Figure 3 shows the surgical forceps depicted in Figure 1 wherein a holder with a bullet is

detached from the forceps;

Figures 4-7 show several successive stages of using the surgical forceps according to the

invention while suturing tissue;

Figure 8 shows a diagram illustrating the wire mesh embodiment of the bullet;
Figure 9 shows a diagram illustrating the form lock embodiment of the bullet;
Figure 10 shows a diagram illustrating the saloon doors embodiment of the bullet;

Figure 11 shows a perspective view of the preferred embodiment of the surgical forceps

with a double hinge mechanism in the closed position;
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Figure 12 shows a perspective view of the preferred embodiment of the surgical forceps

with a double hinge mechanism in the open position;

Figure 13 shows perspective views of the preferred embodiment of the surgical forceps

with a double hinge in both open and closed positions;

Figure 14: shows a diagram illustrating the spring enforced sliding arm embodiment of

the surgical forceps;

Figure 15 shows a diagram illustrating the flipping bullet embodiment of the surgical

forceps;

Figure 16 shows a diagram illustrating the accentric axis embodiment of the surgical

forceps;

Figure 17 shows a diagram illustrating the double spring embodiment of the surgical

forceps;

Figure 18 shows a schematic view of a mini-forceps embodiment of the surgical forceps

in open and closed positions.
Figure 19 shows a perspective view illustrating the mini-forceps embodiment; and

Figure 20 shows a schematic view of the attachment of the mini-forceps to a surgical

instrument.

DETAILED DESCRIPTION OF THE INVENTION

The invention is directed to a surgical instrument (suturing forceps), with which
needle perforation accidents can be avoided, tissue damage during suturing can be

reduced and which allows suturing to be performed more easily.

The following description is made by way of example and is not intended to limit

the invention as set out in the appended claims.

The forceps of the present invention comprises at least a first and second arm that
are connected at one end and which may be biased, for example, by a spring means, in an
open position and which defines a space between them, which can be reduced or
increased. The instrument also comprises a needle receiving and affixing bullet that is

preferably positioned at the distal end, at an inside and/or lower side of the end of an
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arm. The term “open” in the context of the present invention refers to the position
wherein the distal ends of the two arms are apart. The term “closed” refers to the
position wherein the distal ends of the two arms are in close proximity or touching. The
term “form lock™ refers to the properties of a bullet embodiment whereby the
deformation of a bullet that is pierced by a surgical needle results in a pressure exerted on
the surgical needle from the resistance of the bullet to return to its original form thereby

affixing (locking) the surgical needle to the bullet.

When suturing tissue using a suture and surgical needle, the forceps of the present
invention makes it possible to control the suturing process in such a manner that
immediately after the point of the surgical needle has pierced the tissue, it is able to pass
into the bullet where it is retained until removal by the surgeon, preferably with the use
of a surgical needle holder. This allows the surgical needle to be manipulated safely
during suturing without touching the needle with the hands, thereby reducing the

possibility of needle perforation accidents.

The bullet also provides support for the portion of tissue being sutured by using
the forceps of the present invention to effectively avoid tissue damage because the bullet
provides a counter pressure against the pressure of the needle supporting the tissue to be
sutured thereby minimizing tissue stretch. Furthermore, the suturing operation can be
continued using the forceps to manipulate the needle, without the necessity of either

manually touching the needle or using a needle holding instrument.

The bullet may be comprised of any material or designed in any way such that it
is capable of receiving and removably affixing or retaining a surgical needle. For
example, the material may be pierceable such as synthetic rubber or wire mesh. An
example of a bullet comprised of wire mesh is illustrated in Figure 8. The bullet may
also be comprised of a hollow synthetic material such that when penetrated, the pressure
of the needle penetrating the first wall of the bullet deforms the bullet, and this pressure,
together with the pressure created by the penetration and subsequent deformation of the
second wall creates significant pressure on the needle creating a “form lock,” enhancing
the bullet’s grip on the needle. An example of the form lock embodiment of the bullet is
illustrated in Figure 9. Alternatively the hollow space may be filled with a substance
such as a gel that may contribute to “locking” a surgical needle. The bullet may also be

comprised of a material with magnetic properties suitable for receiving and retaining a
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surgical needle or any other receiving and retaining means as with an adhesive.

Other means such as inducible gripping mechanisms may also be used to receive
and removably affix a needle. For example, the bullet may be designed with an opening
that allows a surgical needle to be inserted frictionlessly into the bullet such that when
the distal ends of the arms are apart, a plunger mechanism which is dependent on the
distance between the distal ends of the arms is activated and pushes on the part of the
needle that is through the opening. The pushing force of the plunger acts as a guillotine
and results in a grip on the needle thereby affixing the needle to the bullet. Conversely,
when the distal ends of the arms are in close proximity, the plunger mechanism responds
by retracting the plunger, removing the pressure on the needle, and the needle is released.

Alternatively, the plunger mechanism may be independent of the distance between the
distal ends of the forceps and may be activated manually by the surgeon. The bullet may
also be comprised of a substance, for example, a soft gel, that receives a surgical needle
which by applying or inducing a change in temperature at the site of the bullet, for
example by using a laser, causes it to harden thereby fixing the surgical needle that can
be released by again applying or inducing a change in temperature at the site of the bullet
for example by extinguishing the laser light The bullet of the above-mentioned
embodiments may be comprised of a biodegradable material in the event that if any part
of the bullet falls into the wound, no additional harm would be caused to the patient, as

the bullet would harmlessly dissolve in the body.

The bullet may also be designed to have a narrow slit into which a surgical needle
is guided such that when the forceps are manipulated to pull on the needle, flaps of the
slit close thereby affixing the needle to the bullet. The needle is released by pulling or
pushing it in the direction of the flaps thereby opening the flaps. Such an embodiment
may be referred to as a “saloon door” mechanism. An example of this embodiment is

illustrated in Figure 10.

In a further aspect of the invention, the bullet may be “loaded” with an electric or
other charge or with receptors to guide the needle to the bullet such that the needle is

controlled and gripped more easily.

One form of inducible gripping means may be actuated by the pressure on the

bullet due to the normal forces that are on the bullet when used to suture. When the
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forceps is closed, e.g. on holding tissue, the bullet is deformed by the applied closing
pressure and thereby transformed to a more open configuration that allows the needle to
be inserted or extracted more easily. When the forceps is opened, the bullet returns to its
natural form and in that form the resistance on the needle is increased, making it more
difficult to pull the needle out or pierce it in, however facilitating manipulation of the
needle by manipulation of the forceps. This considerably aids the normal actions during

suture such as when the needle is pulled through the tissue.

In a further aspect of the invention the bullet is provided on a holder that is
detachably placed on at least one arm as exemplified herein. The holder with the bullet
may thus be a disposable component that can be supplied sterile, while the forceps upon
which the holder is placed may be retained and sterilized from case to case. The holder
with the bullet is designed to be removably placed on forceps of the kind illustrated in
Figure 3.

In using the present invention there is a moment in suturing in which the surgeon
pulls the needle (that is already fixed in the bullet) through the tissue. In order to do so
without harming the tissue, the surgeon guides the forceps following the curvature of the
needle. By doing so, the arm opposite to the arm with the bullet to which the needle is
affixed can touch or even get stuck in the tissue. Providing a means for moving the
opposite arm away from the surgical field when the distal ends of the two arms are apart

alleviates this problem.

To this end, a preferred embodiment of the invention is comprised of the two
arms of the forceps being of unequal length with a hinge mechanism, which is comprised
of a hinge and a lever, attached to the shorter arm that is opposite the bullet. When the
forceps are in a closed position, the distal end of lever extends to contact the distal end of
the arm to which the bullet is attached. When in the open position, the lever retracts and
is no longer in the way of making a circular motion with the forceps to pull the needle
through the tissue along the curvature of the needle. Such an embodiment may be
referred to as “double-hinge.” An example of this embodiment is illustrated in Figure

12.

For this embodiment, the hinge mechanism is comprised of a hinge that is

medially fixed to a lever. The hinge is also fixed at the distal end of the shorter arm
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opposite the bullet such that the distal end of the lever acts as an extension of the shorter
arm. The proximal end of the lever is slidably disposed along the inside of the longer

arm. Examples of this embodiment are illustrated in Figures 11, 12 and 13.

In an alternate embodiment of the invention, the hinge mechanism is in the form
of a spring medially fixed to a sliding lever. The spring opens the forceps and by motion
of the sliding lever makes the distal end of the arm that is to be moved away (i.e. the arm
opposite the arm with the bullet) slide in the proximal direction when the forceps are
open. When the forceps are closed, the sliding lever slides towards the distal end of the
forceps to enable sufficient grip of the tissue. Such an embodiment may be referred to as

“spring enforced sliding arm.

14.

An example of this embodiment is illustrated in Figure

In an alternate embodiment of the invention, the hinge mechanism is fixed to the
distal end of the shorter arm of the forceps. Furthermore, the bullet is placed at the distal
end of the hinge mechanism. Spring-forced movement of the hinge flips it away from
the longer arm of the forceps and allows the surgeon to pull the surgical needle through,
along the natural needle path, without damaging the tissue. Such an embodiment may be
referred to as “flipping bullet.” An example of this embodiment is illustrated in Figure

15.

In an additional embodiment of the invention, an elliptical hinge mechanism at
the proximal end of the forceps may be used in which the point of rotation in the
proximal end makes a translating movement at the same time as the rotating movement
takes place. This design “shortens” the arm that is opposite the bullet when the forceps
are opened. Such an embodiment may be referred to as “accentric axis.” An example of

this embodiment is illustrated in Figure 16.

In an additional embodiment of the invention, the hinge mechanism is comprised
of a double spring. A first spring holds the two arms apart in the open position in which
the arm opposite that which holds the bullet is shorter. When the first spring is engaged
and the distal ends of the two arms are brought together, a second spring located at the
proximal end of the instrument and fixed to the shorter arm is also engaged and extends
the shorter arm such that the distal ends of the two arms meet when the forceps are in the

closed position. Such an embodiment may be referred to as “double spring.” An
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example of this embodiment is illustrated in Figure 17. Other means by which to
accomplish shortening of the arm of the forceps will be readily apparent to one of

ordinary skill in the art.
Identical reference numerals used in the figures refer to similar parts.

Referring first to Figure 1, where reference numeral 1 indicates the surgical

forceps according to the invention.

These surgical forceps 1 are suitable to be used for suturing tissue and comprise a
first forceps arm 2 and a second forceps arm 3, spring-connected at a proximal end 4, i.e.
the end which during the manipulation of the forceps 1 lies in the hand and which arms

define a space between them which an be reduced and increased.

At a distal end 5, the first forceps arm 2 and the second forceps arm 3 can be

moved toward each other.

Figure 1 further shows that the first forceps arm 2 is provided with a bullet 6.
This bullet 6, in its preferred embodiment, is comprised of a needle receiving and
retaining material such an elastomeric material which is suitable to be pierced with a
surgical needle and which removably retains the needle until removed by the surgeon, as

will be further explained below.

The bullet may also be provided on the second arm 3 or, as the case may be, only
on the second arm 3. Within the framework of the invention, however, at least one of the

forceps arms 2, 3 must be provided with a bullet 6.

As Figure 1 shows, the bullet 6 is positioned close to or at the distal end 5, at an

inside or lower side of the end of the first forceps arm 2.

The bullet 6 in one of its embodiments is preferably designed to be able to receive
and affix a surgical needle pierced therein. A material to be used as the bullet 6 is
suitably a synthetic material, for example synthetic rubber or other elastomeric material.
Advantageously, the bullet 6 together with the end of the arm upon which it is placed
define a space between the first arm 2 and the second arm 3 which can be reduced or
increased. The fabrication of this is well known to the person skilled in the art and

requires no further elucidation.

Figure 2 shows a side elevation of the surgical forceps 1 according to the
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invention wherein the first forceps arm 2 and the second forceps arm 3 are moved toward
each other. In this embodiment it is schematically shown that the bullet may slidably

extend from the arm 2 on releasing the grip on the tissue.

Figure 3 shows that the bullet 6 is provided on a holder 7 that is detachable from
but, as in the illustrated case, can also be detachably placed on the first forceps arm 2.
Any means of attachment and detachment may be used including that illustrated in

Figure 3, screw on and off attachment means, clip on, luer-lock and others.

The use of the surgical forceps 1 according to the invention may conveniently be
explained by way of a series of successive steps illustrated in the Figures 4-7, showing

the use of the surgical forceps 1 according to the invention for suturing tissue.

Figure 4 shows a first step, wherein by means of a needle-holding tool (not
shown) a surgical needle 9, attached to which is a suture 10, pierces a first tissue portion

11 in order to join this first tissue portion 11 with a second tissue portion 12.

Reference numerals 13 and 14 indicate two sutures made previously through the

first and second tissue portions 11 and 12.

Figure 4 shows clearly that the first forceps arm 2, which at the inside distal end
is provided with a bullet 6, serves to support the first tissue portion 11 through which the
suture 10 is passed. In this way the surgical forceps 1 according to the invention are able
to effectively support the first tissue portion 11 so as to avoid damage to this first tissue
portion 11, while simultaneously a point of the surgical needle 9 is able to pass into the

bullet 6 in order to receive and affix the surgical needle 9 therein.

Figure 5 subsequently shows that the surgical needle 9 can be passed further
through the first tissue portion 11 by employing the surgical forceps 1 in accordance with

the invention.

Figure 6 subsequently shows that the surgical needle 9, with the suture 10
attached thereto, is in an advanced stage of its passage through the first tissue portion 11
and as Figure 7 further shows, that the surgical needle 9 thus becomes available again for

manipulation by using a needle-holding tool 8.

Figures 8-10 show embodiments of various mechanisms by which the bullet 6

may receive and affix a surgical needle 9. Although these bullets are disclosed in
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combination with forceps according to the present invention, it is also contemplated that
such bullets may be affixed to other implements and may themselves be the subject of

inventions.

Figure 8 shows a wire mesh embodiment of the bullet 6 wherein a tightly woven
mesh with wires 15 that can slide in relation to each other, with at some intervals no
sliding knots between wires. The surgical needle 9 is inserted in one of the pores 16
resulting in displacement of the wires until a non-moving corner 17 is encountered. The

interval of the non-moving corner 17 assists in the grip on the needle 9.

Figure 9 shows a “form lock” embodiment wherein a bullet 6 is comprised of a
layer 18 of synthetic rubber material with a hollow core. The bullet may be of any shape.
The act of inserting a surgical needle 9 through the layer 18 and subsequently through an
open space 19 and back into the layer 18 of the bullet 6 causes a deformation of the
bullet 6. The physical dynamics of the bullet 6 trying to return to its neutral shape, due to
its material memory, causes increased pressure to be borne on the needle 9, thereby
increasing the grip the bullet 6 has on the needle 9. Alternative versions including a

plurality of open spaces such as a foam may also be considered.

Figure 10 shows a “saloon doors” embodiment of the bullet 6 wherein the
surgical needle 9 is stuck between two pieces of material or flaps 21 that have a very
narrow slit 22 in between. The needle 9 is guided to go between the two flaps 21,
resulting in “opening the saloon doors.” When the forceps are manipulated to pull the
surgical needle 9 out of the tissue, the flaps 21 close, resulting in a grip on the surgical
needle 9 because of the additional space the needle 9 occupies between the flaps 21. The
greater the pulling force applied, the stronger the grip on the needle 9 because of the
friction between the needle 9 on the flaps 21 forces the flaps to close further. After the
needle 9 is pulled through the tissue, the needle 9 is released by pulling or pushing it in
the direction the flaps 21 open.

The remaining figures address the potential problem encountered in suturing in
which the surgeon wants to pull the needle (that is affixed to the bullet) through the
tissue. In order to do so without harming the tissue, the surgeon will want to guide the
forceps following the curvature of the needle. By doing so, the arm opposite the arm

with the flexible material can touch or even get stuck in the tissue.
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Figures 11-13 illustrate the surgical forceps with a double hinge mechanism. In
Figure 11, the instrument is comprised of a longer first arm 2 and a shorter second arm 3
with a hinge mechanism that includes a lever 23 and a hinge 24 fixed to the distal end 5
of the second arm 3. When combined with the lever 23, the distal end of lever 23

contacts the distal end of the first arm 2 when the instrument is in the closed position.

Figure 12 shows the surgical forceps 1 with the hinge mechanism comprised of a
lever 23 and a hinge 24 in the open position. A spring 25 may be used to enforce the

open position when the forceps are not engaged.

Figure 13 shows the surgical forceps 1 in both the open and closed positions.
Note the difference in length of the second arm 3 combined with the lever 23 along the
axis of the forceps when in open and closed positions. In the open position, the lever 23
is out of the way when making a circular motion with the forceps to pull a needle (not
shown) through tissue along the curvature of the needle thereby avoiding unwanted

contact with and/or damage to the tissue.

Figure 14 shows the spring enforced sliding arm embodiment of the surgical
forceps 1 wherein the second arm 3 is shorter than the first arm 2. The second arm 3 has
attached to it at the distal end a sliding lever 26. A spring 27 is fixed to a medial region
28 of the first arm 2 and the sliding lever 26 such that it makes the distal end of the
sliding lever 26 slide in the proximal direction when the forceps are in the open position.
When the forceps are closed, the sliding lever 26 slides towards the distal end of the

instrument to enable sufficient grip of the first tissue portion 11 to be sutured.

Figure 15 illustrates the flipping bullet embodiment of the invention wherein a
short arm 29 to which a bullet 6 is attached is fixed at the distal end of the first arm 2 by
a hinge 30. The first arm 2 is shorter than the second arm 3, but in the closed position,
the distal end of the short arm 29 to which the bullet 6 is attached touches the distal end
of the second arm 3. Spring-forced movement of the hinge 30 that the surgeon can
manipulate flips the short arm 29 away from the longer second arm 3 of the forceps and
allows the surgeon to pull the surgical needle (not shown) through, along the natural

needle path, without damaging the tissue.

Figure 16 illustrates the accentric axis embodiment of the invention wherein an

elliptical hinge mechanism 31 in which the point of rotation in the proximal end of the
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forceps makes a translating movement at the same time as the rotating movement takes
place. Under this design, when the forceps are in the closed position, the distal end of
the second arm 3 extends such that it meets the distal end of the first arm 2. In the open
position, the elliptical hinge mechanism 31 shortens the second arm 3’, thereby avoiding

damage to the tissue.

Figure 17 illustrates the double spring embodiment of the invention wherein the
second arm 3 that is opposite the bullet 6 is retracted and extended by a first spring 32
that holds the first arm 2 and second arm 3 apart in the open position in which the second
arm 3 is shorter than the first arm 2. When the first spring 32 is engaged and the distal
ends of the two arms are brought together, a second spring 33 located at the proximal end
4 of the forceps and fixed to the shorter second arm 3 is also engaged and extends the
shorter second arm 3 such that the distal ends of the first arm 2 and second arm 3 meet

when the instrument is in the closed position.

Figures 18 A, B 19 and 20 illustrate a mini-forceps embodiment of the present
invention which operates in a similar manner to the double hinge mechanism of Figures
11 - 13. It has the additional advantage that the holder 7 on which the bullet 6 is
mounted may be formed as a disposable item for connection to a standard medical

forceps or other suitable holder/actuator.

Figure 18A shows a schematic view of the mini forceps embodiment in the open
position. According to Figure 18A, a standard surgical forceps 1 comprises a first arm 2
and a second arm 3, spring-connected together at a proximal end 4. A bullet holder 7
carrying bullet 6 is releasably connected to the distal end 5 of the first arm 2. The holder
7 is formed as a mini-forceps and comprises a first member 35 and second member 36
joined together at their proximal ends by a hinge 37. The bullet 6 is provided at the distal
tip of the first member 35. A connecting member 38 extends proximally from the first

member 35 for connection to the forceps 1.

Figure 18B shows a schematic view of the mini forceps embodiment in closed
position. As can be seen from the figure, the limited length of the first and second
members 35, 36 relative to the arms 2, 3 ensures that the angular movement of the mini-
forceps 7 is considerably greater than that of the forceps 1 on movement between closed

and open positions. This increased angular movement ensures that in use, the second
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member 36 is distanced from the path of movement of the surgical needle 9.

Figure 19 shows a perspective view of the holder 7 which is formed of a suitable
medical grade plastics material. The hinge 37 is formed as a living hinge having a
resilient bias to an open position. It is evident that alternative materials could be used for
forming the holder and hinge and that its construction as a disposable device is merely
optional. Furthermore, various connecting mechanisms may be envisaged for attaching

the connecting member 38 to the forceps 1.

Figure 20 shows a schematic view of the mini forceps embodiment illustrating
how the holder (mini forceps) 7 may be connected to e.g. a standard medical forceps 1 to

form a combined instrument.

It is also apparent that the forceps according to the present invention is not only
useful in “open surgery,” its advantages may be exploited in endoscopic surgical
procedures or in combination with other endoscopic tools wherein a single arm with a
bullet attached at a distal end is employed. The bullet simultaneously supports the tissue
to be pierced with a surgical needle and is capable of receiving and affixing the needle

thereafter so that the needle can be manipulated with the instrument.
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CLAIMS

A forceps to be used for suturing tissue, comprising a first arm and a
second arm that are connected at a proximal end and are moveable toward
and away from one another and which define a space between said arms
which can be reduced or increased, said forceps further comprising a
bullet, suitable to receive and affix a surgical needle, placed at a distal end
of said first arm and/or said second arm, at an inside and/or lower side of

the end of said arm.

The forceps of claim 1, wherein said forceps further comprises a spring
connection said spring connection biasing said first arm and said second

arm of said forceps in an open position.

The forceps according to any preceding claim, wherein said bullet is

suitable for being pierced with said surgical needle.

The forceps according to any preceding claim, wherein said bullet is

comprised of elastomeric material.

The forceps according to claim 4, wherein said elastomeric material is

synthetic rubber.

The forceps according to any preceding claim, wherein said bullet has a
hollow core surrounded by a pierceable layer for affixing said surgical
needle by a form lock, whereby the pierced material exerts a force on the

inserted needle as a result of its deformation

The forceps according to claim 6, wherein said open space is comprised of
a filler material said filler selected from material comprising gels, foams,

beads or liquids.

The forceps according to any preceding claim, wherein said bullet

comprises wire mesh.

The forceps according to any preceding claim, wherein said bullet

comprises a magnetic material.
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The forceps according to any preceding claim, wherein said bullet

comprises an adhesive material.

The forceps according to any preceding claim, wherein said bullet

comprises a clamp.

The forceps according to claim 1, wherein said bullet comprises an
inducible gripping mechanism comprising a plunger mechanism wherein
said plunger mechanism is activated as said distal ends of said first arm
and said second arm move apart toward an open position and where said
distal ends of said arms are in close proximity, said plunger mechanism is

retracted thereby releasing said needle.

The forceps according to claim 11, wherein said plunger mechanism is
manually activated independent of said open or said closed positions of

said forceps.

The forceps according to claim 1 wherein said bullet is comprised of a
hollow structure comprised of at least two flaps separated by a narrow slit
into which said surgical needle may be guided said flaps being suitable for
affixing said surgical needle to said bullet and where said surgical needle

is released from said bullet by pulling said surgical needle through.

The forceps according to any preceding claim, wherein said bullet is
comprised of a material that responds to changes in chemical or physical
conditions such as temperature whereby said bullet affixes and releases
said surgical needle upon a change in chemical or physical conditions at

site of said bullet.

The forceps according to any preceding claim, wherein said bullet is

placed on at least one arm.

The forceps according to any preceding claim, wherein said bullet is

provided on a holder that is removable from said arm.

The forceps according to any preceding claim, wherein said bullet is

comprised of a biodegradable material.

The forceps according to any preceding claim, wherein said first and
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second arms comprise plastics material and said forceps are disposable.

The forceps according to claim 19, wherein said first and second arms are

joined together by a living hinge.

The forceps according to any preceding claim, wherein said forceps are
provided with an attachment for removable connection to a medical

instrument, in particular an arm of a medical forceps.

The forceps according to any preceding claim further comprising a

mechanism for distancing the second arm from the suture path.

The forceps according to claim 22, wherein said forceps further comprises
a hinge mechanism suitable for adjusting the length of at least one arm of
said forceps along an axis of said forceps with said hinge mechanism
fixed at said proximal and/or distal end of at least one arm of said forceps
whereby the difference in length along an axis of said forceps between
said first arm and said second arm alone or in combination with said hinge
mechanism increases as the distance between said distal ends of said arms

increases.

The forceps of claim 23, wherein said hinge mechanism is comprised of a

hinge fixed to a lever.

The forceps of claim 23 or claim 24, wherein said second arm is shorter in

length than said first arm.

The forceps according to any of claims 23 to 25, wherein the difference in
length along said axis of said forceps between said first arm and said
second arm alone or in combination with said hinge mechanism decreases

as the distance between said distal ends of said arms decreases.

The forceps according to claim 24, wherein said hinge mechanism is fixed
at the distal end of said first arm such that a proximal end of said lever is

fixed to said hinge wherein a bullet is placed at a distal end of said lever.

The forceps according to claim 24, wherein said hinge mechanism is fixed
at said distal end of said second arm such that said hinge is fixed at a

medial region of said lever wherein said proximal end of said lever is
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slidably disposed along the inside of said first arm.

The forceps according to claim 24, wherein said hinge is medially fixed at
said first arm and medially fixed at said lever wherein said lever is parallel

to and slidably disposed along said second arm.

The forceps according to claim 23, wherein said hinge mechanism is
located at said proximal end of said instrument whereby said second arm
is shortened as the distance between said distal ends of said arms

increases.

The forceps according to claim 30, wherein said hinge mechanism
comprises an elliptical accentric axis that is continuous with said second
arm such that a translating movement extends the length of said second
arm as said distal ends of said first and said second arms are in a closed

position.

The forceps according to claim 30, wherein said hinge mechanism is
comprised of a double spring system wherein a first spring is fixed
medially between said first arm and second arm biasing said arms in an
open position and a second spring fixed at the proximal end of said
forceps wherein said second spring is fixed to a proximal end of said
second arm said second spring capable of protracting said second arm as

said first and said second arms are in a closed position.

The forceps according to any preceding claim, wherein said bullet
comprises an inducible gripping mechanism actuated by pressure thereon,
whereby pressure exerted on the bullet on contact with the tissue allows
easy needle entry and removal of said pressure causes an increased grip on

the needle.

A method for suturing tissue using the forceps according to any preceding
claim, comprising the steps of securing and supporting a first area of
tissue to be sutured with said distal end of said forceps, securing said
surgical needle and a suture material attached thereto with a needle

holding tool, piercing said first area of tissue to be sutured with said
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surgical needle using said bullet to support said tissue, passing said
surgical needle through said tissue and affixing said surgical needle to
said bullet of said forceps while securing said first area of tissue with said
distal end of said forceps, releasing said surgical needle from said needle
holding tool, releasing said first area of tissue secured by said forceps,
guiding the surgical needle with said forceps following the curvature of
said surgical needle, and removing said surgical needle from said bullet of
said forceps by securing said surgical needle with said needle holding

tool.

The method of claim 34, wherein said method is repeated on a second
area of tissue to be sutured to said first area of a lesion whereupon said
suture passing through said first area of tissue and second area of tissue is

tied in a knot.

The method of claim 34, wherein prior to said bullet receiving and
affixing said surgical needle, said first and second areas of tissue to be

sutured are pierced by said surgical needle in one movement.

The method according to any of claims 34 to 36, wherein said suture is
knotted by a force applied by said needle holding tool pulling on an end of
said suture and a second pulling force applied by said forceps to which

said surgical needle is affixed.

The method according to any of claims 34 to 37, wherein said forceps is a
disposable plastic item and the method further comprises disposal of the

forceps.

The method according to any of claims 34 to 38, further comprising
substantially distancing the second arm of the forceps from the path of
curvature of said surgical needle while guiding the surgical needle with

said forceps.

The forceps according to any of claims 1 to 33, wherein said bullet or said
holder is connected to the forceps by a single-use connection that is

destroyed on disconnection thereof.

A surgical system to be used for suturing tissue, comprising a forceps as
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defined in any of claims 1 to 33, and 40, and or a bullet as defined in any
of claims 1 to 33, and 40 in combination with a surgical needle and

suture,

The surgical system according to claim 41, wherein the surgical needle

and suture are combined as an atraumatic suture.

A bullet for attachment to a forceps as defined in any of claims 1 to 33.
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