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SURGICAL INSTRUMENT

RRLATED APPLICATION

This application is a continuation of U.S. patent applica-
tion Ser. No. 10/822,081 filed on Apr. 12, 2004, now U.S.
Pat. No. 7,147,650, which claims priority under 35 U.S.C §
119(e) to U.S. Provisional Patent Application No. 60/515,
560 which was filed on Oct. 30, 2003. The content of all of
the aforementioned applications is hereby incorporated by
reference herein in its entirety.

BACKGROUND OF THE INVENTION

The present invention relates in general to surgical instru-
ments, and more particularly to manually operated surgical
instruments that are intended for use in minimally invasive
surgery.

Endoscopic and laparoscopic instruments currently avail-
able in the market are extremely difficult to learn to operate
and use, mainly due to a lack of dexterity in their use. For
instance, when using a typical laparoscopic instrument dur-
ing surgery, the orientation of the tool of the instrument is
solely dictated by the locations of the target and the incision,
which is often referred to as the fulcrum effect. As a result,
common tasks such as suturing, knotting and fine dissection
have become challenging to master. Various laparoscopic
instruments have been developed over the years to overcome
this deficiency, usually by providing an extra articulation
often controlled by a separately disposed knob. However,
even with these modifications these instruments still do not
provide enough dexterity to allow the surgeon to perform
common tasks such as suturing at any arbitrarily selected
orientation.

Accordingly, an object of the present invention is to
provide a laparoscopic or endoscopic surgical instrument
that allows the surgeon to manipulate the tool end of the
surgical instrument with greater dexterity.

SUMMARY OF THE INVENTION

In accordance with one aspect of the present invention
there is provided an endoscopic or laparoscopic instrument
that is comprised of a distal tool, a rigid or flexible elongated
shaft that supports the distal tool, and a proximal handle or
control member, where the tool and the handle are coupled
to the respective distal and proximal ends of the elongated
shaft via pivoted or bendable motion members. The tool and
the tool motion member are coupled to the handle and the
handle motion member via cables and a push rod in such a
way that the movement of the handle with respect to the
elongated shaft in any direction are replicated by the tool at
the distal end of the shaft. The magnitude of the tool motion
with respect to the handle motion may be scaled depending
on the size of the handle motion member with respect to that
of the tool motion member.

In the present invention one embodiment of the tool
motion member is a bending section that is bendable in any
arbitrary angle thereby providing two degrees of freedom,
whereas in another embodiment, the tool motion member is
comprised of the combination of a single plane bendable
section and a pivotal joint. In still another embodiment, the
motion member is comprised of two pivotal joints orientated
orthogonal to each other. In addition to these embodiments
where the motion member provides two degrees of freedom,
in a situation where less dexterity is needed, the motion
member can only be a one degree of freedom member, either
pivotal or bendable.

20

35

40

45

50

55

60

65

2

In accordance with another aspect of the invention there
is provided a manually operated surgical instrument prima-
rily adapted for use in minimally invasive surgery. The
instrument comprises an elongated instrument shaft having
proximal and distal ends; a proximal turnable member; a
control handle coupled to the proximal end of the elongated
instrument shaft via the proximal turnable member; a distal
turnable member; a surgical tool coupled to the distal end of
the elongated instrument shaft via the distal turnable mem-
ber; and a transmission element that intercouples between
the proximal and distal turnable members so that a deflection
of the control handle at the proximal turnable member
causes a deflection of surgical tool via the distal turnable
member.

In accordance with still another aspect of the invention
there is provided a manually operated surgical instrument
primarily adapted for use in minimally invasive surgery. The
instrument comprises an elongated instrument shaft having
proximal and distal ends; a tool disposed from the distal end
of the instrument shaft; and a control handle disposed from
the proximal end of the instrument shaft. The tool is coupled
to the distal end of the elongated instrument shaft via a first
movable member. The control handle is coupled to the
proximal end of the elongated instrument shaft via a second
movable member. The movement of the control handle with
respect to the elongated instrument shaft via the second
movable member causes attendant movement of the tool
with respect to the elongated instrument shaft via the first
movable member.

BRIEF DESCRIPTION OF THE DRAWINGS

Numerous other objects, features and advantageous of the
invention should now become apparent upon a reading of
the following detailed description taken in conjunction with
the accompanying drawings in which:

FIG. 1 is a side view of a schematic diagram of a surgical
instrument in accordance with the present invention;

FIG. 2 is a plan view of the instrument shown in FIG. 1;

FIG. 3 shows the instrument of FIG. 1 illustrating the roll
of the control handle and the attendant roll of the tool end;

FIG. 4 is a view like that shown in FIG. 1 and additionally
illustrating a cabling scheme that can be used in the surgical
instrument;

FIG. 5A schematically illustrates a bendable section of
ribbed construction;

FIG. 5B schematically illustrates a bendable section of
bellows construction;

FIG. 5C is a cross-sectional view through a tool motion
member illustrating the motion control cables and the tool
actuation push rod;

FIG. 6 is a schematic diagram like that shown in FIG. 1
but where the handle to tool motion is opposite to that
illustrated in FIG. 1,

FIG. 7A is a schematic diagram of a tool push-pull
arrangement that employs a four bar mechanism;

FIG. 7B is a schematic diagram of a tool push-pull
arrangement that employs a camming slot mechanism;

FIG. 7C is a schematic diagram of a handle push-pull
arrangement that employs a palm grip based upon a four bar
mechanism;

FIG. 7D is a schematic diagram of a handle push-pull
arrangement that employs a pistol grip handle;

FIG. 8A is a side view of a schematic diagram of a
surgical instrument in accordance with another embodiment
the present invention where the tool motion member is
comprised of two pivotal joints orientated orthogonal to
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each other while the handle motion member is bendable in
any directions, as in previously described embodiments;

FIG. 8B is a plan view of the instrument shown in FIG.
8A;

FIG. 8C is a cross-sectional view through the handle
motion member of FIG. 8A illustrating the motion control
cables and the tool actuation push rod;

FIG. 9A is a side view of a schematic diagram of a
surgical instrument in accordance with still another embodi-
ment the present invention where the tool motion member
comprises a pivotal pitch joint as in the previous embodi-
ment (FIG. 8A) but with a bendable section instead of the
pivotal joint for the yaw motion;

FIG. 9B is a plan view of the instrument shown in FIG.
9A;

FIG. 10A is a schematic diagram of the pivotal pitch jaws
and the control handle mechanism that may be used with the
embodiments of FIGS. 8A and 9A;

FIG. 10B is a schematic diagram of the mechanism of
FIG. 10A showing the upper handle controlling the lower
Jaw;

FIG. 10C is a schematic diagram of the mechanism of
FIG. 10A showing the lower handle controlling the upper
Jaw;

FIG. 10D is a schematic diagram of the mechanism of
FIG. 10A illustrating a midline axis of the jaws and the
associated control by the bending of the handle motion
member;

FIG. 11A is a schematic diagram showing an embodiment
with yaw motion-only bending members for both the tool
and handle motions where pivotal pitching motion of the
handle controls pivotal pitching motion of the tool;

FIG. 11B is a plan view of the instrument shown in FIG.
11A;

FIG. 12 is a schematic diagram showing an embodiment
with one pivotal tool motion joint, one bendable tool motion
section, and two pivotal handle motion joints;

FIG. 13 is a schematic diagram showing an embodiment
with two tool motion pivots, and with one bendable section
and one pivotal handle motion member;

FIG. 14 is a schematic diagram of a further embodiment
of the invention in which the instrument shaft, between
control and working ends of the instrument, is flexible so as
to conform to the shape of an anatomic channel or lumen;

FIG. 15 is a schematic diagram similar to that shown in
FIG. 14 where multiple motion members are placed along
the length of the elongated instrument shaft for multi-modal
controlled movement of the tool;

FIG. 16 is a schematic diagram of another embodiment of
the present invention in which an axial torque rotation and
transmission mechanism is employed;

FIGS. 17A and 17B are schematic diagrams relating to
FIG. 16 showing alternate embodiments utilizing axial rota-
tion joints at both control and tool ends of the instrument;

FIG. 18 shows an embodiment in which the tool motion
control cables and grip actuation rod are driven an by
electrical motors mounted on the side of the proximal end of
the eclongated instrument shaft instead of being driven
directly by the handle motion member and handle;

FIG. 19 is a schematic diagram of an alternate embodi-
ment related to FIG. 18 and that illustrates an arrangement
where the motors are situated away from the handle via
mechanical cables traveling through the flexible conduit;

FIG. 20 is a schematic diagram of another embodiment of
the invention with multiple motion members, effectuating
the forward/backward linear motion by means of a linear
actuator to aid the forward/backward motion;
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FIGS. 21A, 21B and 21C are separate views showing a
more detailed embodiment of the invention in different
positions of the handle and tool;

FIG. 22A is a fragmentary perspective view of the tool
end of the instrument illustrated in FIG. 21;

FIG. 22B is a longitudinal cross-sectional view of the tool
end of the instrument as illustrated in FIGS. 21 and 22A;

FIG. 22C is an exploded perspective view of the instru-
ment segment illustrated of FIG. 22A;

FIG. 23A is a fragmentary perspective view of the handle
end of the instrument illustrated in FIG. 21;

FIG. 23B is a longitudinal cross-sectional view of the
handle end of the instrument as illustrated in FIGS. 21 and
23A,

FIG. 23C is an exploded perspective view of the instru-
ment segment illustrated of FIG. 23A;

FIG. 23D is a cutaway perspective view of the bendable
section of the instrument at the handle end;

FIG. 24 illustrates another embodiment of the present
invention where the movement of the tool motion member
is controlled by the torque applied at the handle motion
member;

FIG. 25 is still a further embodiment of the present
invention relating to FIG. 24;

FIG. 26 is a further embodiment of the present invention
where ease of use of the instrument is further enhanced by
making it simpler to roll the tool end about its axis, an
essential motion in suturing at off-axis angle; and

FIG. 27 illustrates still another embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

FIGS. 1 and 2 show respective side and top views of one
embodiment of the present invention. Both the tool and the
handle motion members are bendable in any directions, and
they are connected to each other via cables in such a way that
the tool motion member bends in the opposite direction of
the handle motion member, thereby creating a sensation that
the tool always points in generally the same direction as the
handle. Although FIGS. 1 and 2 shows only the side and top
views where only pitch and yaw motions are actuated,
respectively, it should be noted that the handle motion
member could be bent in any direction, actuating the tool
motion member to bend in directly opposite directions, and
in the same plane. Herein these motion members are also
referred to as turnable members. In addition, unlike mecha-
nisms that are comprised of pivotal joints, the bendable
motion members can bend in any direction without any
singularity. As a result, as shown in FIG. 3, the surgeon is be
able to roll the instrument tool 18 about its longitudinal axis
11 at any orientation simply by rolling the handle, a desir-
able motion for suturing in off-axis.

Regarding FIGS. 1-3, there is disclosed an instrument that
is comprised of an elongated instrument shaft 10 supporting,
at its proximal end, the handle 12 connecting with the handle
motion member 14. At the distal end of the instrument shaft
there is disposed the tool motion member 16 that couples to
the tool or end effector 18, shown in FIG. 1 as a set of jaws.
It is understood that other types of tools may also be
substituted for the jaw set that is illustrated.

In FIGS. 1 and 2 one position is shown in solid outline and
an alternate position is shown in dotted outline. These two
different positions are also illustrated by the double-headed






