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ABSTRACT

A system and method including an elongate member having a proximal end and a distal
end, the elongate member defining a longitudinal axis and configured to rotate relative to the
longitudinal axis is presented. The instrument further includes a handle member configured to
be attached to the proximal end of the elongate member, the handle member operatively
associated with a rotation mechanism. The instrument also includes an end effector configured
to be attached to the distal end of the elongate member, the end effector operatively associated
with an articulation mechanism and configured to be pivotable throughout a plurality of
directions relative to the longitudinal axis of the elongate member. A software algorithm is used

to identify, track, and control directional movement of the end effector in accordance with

rotational movement of the elongate member.
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SYSTEM AND METHOD FOR DETERMINING AND ADJUSTING POSITIONING
AND ORIENTATION OF A SURGICAL DEVICE

BACKGROUND

Technical Field

[0002] The present disclosure relates to a surgical device and, more particularly, to a
system and method for sensing angular motion of the surgical device in order to adjust
positioning and/or orientation of the surgical device.

Background of Related Art

[00603] In laparoscopic procedures, surgery may be performed in the interior of the
abdomen through a small incision. In endoscopic procedures, surgery may be performed in any
hollow viscus of the body through narrow endoscopic tubes inserted through small entrance
wounds in the skin. Laparoscopic and endoscopic procedures generally require that any
instrumentation inserted into the body be sealed, 1.e., provisions must be made to ensure that
cases do not enter or exit the body through the laparoscopic or endoscopic incision. Moreover,
laparoscopic and endoscopic procedures often require the surgeon to act on organs, tissues, and
vessels far removed from the incision, thereby requiring that any instruments be used in such

procedures be long and narrow while being functionally controllable from one end of the

Instrument.
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[0004] In medical science, a precise determination of the position of an applied medical
instrument in various diagnostic and therapeutic methods is necessary. Instruments of this kind.,
for example, may be intravascular catheters, guidance wires, biopsy needles, minimally invasive
surgical instruments or the like. However, conventional techniques and tools for determining the
spatial positioning and/or orientation of a medical instrument are inaccurate and error-prone.
SUMMARY
[00035] In accordance with the present disclosure, a surgical instrument 1s provided. The
surgical instrument includes an elongate member having a proximal end and a distal end, the
elongate member defining a longitudinal axis and configured to rotate relative to the longitudinal
axis. The surgical instrument further includes a handle member configured to be attached to the
proximal end of the elongate member, the handle member operatively associated with a rotation
mechanism. The surgical instrument also includes an end effector configured to be attached to
the distal end of the elongate member, the end effector operatively associated with an articulation
mechanism and configured to be pivotable throughout a plurality of directions relative to the
longitudinal axis of the elongate member. A software algorithm may be used to identify, track.
and control directional movement of the end effector in accordance with rotational movement of
the elongate member.
[0006] In one embodiment, the end effector includes a pair of jaw members.
[(0007] In yet another embodiment, the plurality of directions include vertical
displacements and horizontal displacements, the displacements driven by one or more actuators
positioned within the handle member. In another embodiment, the handle member includes a

drive assembly for actuating the directional movement of the end effector and the rotational

movement of the elongate member.
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[0008] In still another embodiment, the software algorithm records a first position of the

elongate member, a first position of the end effector, and establishes a relationship between the
first position of the elongate member and the first position of the end effector. When the
elongate member rotates to a second position, the software algorithm records the second position
of the elongate member and compares the second position of the elongate member to the first
position of the end effector. Additionally, the software algorithm records all position changes of
the elongate remember relative to the end effector and, upon an operator command, repositions
the end effector and the elongate member to match a predetermined positional reference point.
[0009] In another embodiment, the software algorithm uses triangulation techniques to
reposition the end effector to match a predetermined posttional reference point of the elongate
member. The triangulation techniques involve using one or more angle encoders. The one or
more angle encoders are magnetic sensors or potentiometers.

10010] In yet another embodiment, the software algorithm 1s controlled via a control
panel positioned about the handle member. Additionally, the software algorithm may be
wirelessly controlled via an external source.

[0011] A method of using a surgical instrument 1s also provided in accordance with the
present disclosure. The method includes providing an elongate member having a proximal end
and a distal end, the elongate member defining a longitudinal axis and configured to rotate
relative to the longitudinal axis, attaching a handie member to the proximal end of the elongate
member, the handle member operatively associated with a rotation mechanism, and attaching an
end effector to the distal end of the elongate member, the end effector operatively associated
with an articulation mechanism and configured to be pivotable throughout a plurality of

directions relative to the longitudinal axis of the elongate member. A software algorithm may be
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used to identify, track, and control directional movement of the end effector in accordance with

rotational movement of the elongate member.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Various embodiments of the presently disclosed surgical instrument are described
hereinbelow with references to the drawings, wherein:
[0013] FIG. 1 is a perspective view of a surgical instrument for applying surgical staples
to attach objects to surgical tissue, in accordance with the present disclosure;
[0014] FIG. 2 1s a perspective view of a distal end of the surgical instrument of FIG. 1, in
accordance with the present disclosure;
[0015] FIG. 3 1s a cross-sectional view taken along lines 3-3 of FIG. 1. illustrating the
handle mechanism of the surgical instrument of FIG. I, in accordance with the present
disclosure:
[0016] F1G. 4 1s a diagram illustrating the directional movement of the end effector in

accordance with rotational movement of the elongate member, in accordance with the present

disclosure; and

[0017] FIG. 5 1s a tflowchart illustrating an example process of positioning and/or

orienting the surgical instrument of FI1G. 1, in accordance with the present disclosure.

DETAILED DESCRIPTION OF THE EMBODIMENTS
[0018] In the example embodiments of the present disclosure, a tracking system may
provide positioning and/or orientation information of the medical instrument with respect to the
patient or a reference coordinate system. A medical practitioner may refer to the tracking system
to ascertain the position of the medical instrument when the instrument may not be within the

practitioner’s line ot sight or when the instrument has been moved from the initial reference
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point. The medical practitioner may use the tracking system to determine when the instrument

may be positioned in a preferred location.

10019] A more particular description of the present disclosure, briefly summarized above,
may be had by reference to the embodiments of the present disclosure described in the present
specification and illustrated in the appended drawings. It is to be noted, however, that the
specification and appended drawings illustrate only certain embodiments of this present
disclosure and are, therefore, not to be considered limiting of its scope. The present disclosure
may admit to equally effective embodiments.

[0020] Reference will now be made in detail to exemplary embodiments of the present
disclosure.  While the present disclosure will be described in conjunction with these
embodiments, it 1s to be understood that the described embodiments are not intended to limit the
present disclosure solely and specifically to only those embodiments. On the contrary, the
present disclosure is intended to cover alternatives, modifications, and equivalents that may be
included within the spirit and scope of the present disclosure as defined by the attached claims.
[0021] In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the present disclosure. It will be apparent to one skilled in
the art, however, that the present disclosure may be practiced without these specific details.
10022] In other instances, well-known circuits, control logic, and the details of computer
program instructions for conventional algorithms and processes have not been shown in detail in
order not to obscure the present disclosure unnecessarily. For instance, software programming
code, which embodies aspects of the present disclosure, may be maintained in permanent
storage, such as a computer readable medium. In a client/server environment, such software

programming code may be stored on a client or a server. The software programming code may
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be embodied on any of a variety of known media for use with a data processing system, such as a

diskette, or hard drive, or CD-ROM. The code may be distributed on such media, or may be
distributed to users from the memory or storage of one computer system over a network of some
type to other computer systems for use by users of such other systems.

[0023] Additionally, arrangement of components to achieve the same functionality may
be effectively “operably coupled” or “coupled” or “in communication with” or “communicates
with™ or “operatively communicate™ such other objects that the desired functionality may be
achieved. Hence, any two components herein combined to achieve a particular functionality
may be seen as associated with each other such that the desired functionality may be achieved,
irrespective of architectures or intermodal components. Likewise, any two components so
associated may also be viewed as being “connected,” or “attached,” to each other to achieve the
desired functionality, and any two components capable of being so associated may also be
viewed as being “operably couplable,” to each other to achieve the desired functionality.

[0024] With reference to FIG. 1, a perspective view of a surgical instrument for applying
surgical staples to attach objects to surgical tissue, in accordance with the present disclosure is
presented.

[0025]} The apparatus/instrument 10 may be particularly adapted for endoscopic
application of surgical staples to attach surgical mesh to body tissue during hernia repair.
However, one skilled in the art may contemplate using apparatus 10 in a plurality of surgical and
non-surgical applications. Except where noted otherwise, the materials utilized in the

components of the apparatus 10 generally include such materials as polycarbonate for housing

sections and related components, and stainless steel for such components which transmit forces.
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[0026] The apparatus 10 may include handle portion 12 and endoscopic section 14

having at the distal end portion a staple storage magazine 16 which pivots with respect to at least
one side of the longitudinal axis extending centrally through the endoscopic section. Generally,
staple storage magazine 16 may selectively pivot up to about 45 degrees with respect to the
aforesaid longitudinal axis. The staple storage magazine 16 1s shown in general alignment with
the longitudinal axis of the endoscopic section and in phantom to illustrate a range of movement.
The total range of pivotal motion of the staple storage magazine 16 as shown 1s approximately 90
degrees, i.e. 45 degrees to each side of neutral. The endoscopic section 14 may be referred to as
an elongate member having a proximal end and a distal end, the elongate member defining a
longitudinal axis and configured to rotate relative to the longitudinal axis.

[0027] The handle 12 of instrument 10 may include manual grip 18 and pivotal trigger 20
which may be pivoted toward and away from manual grip 18. Trigger 20 may be pivoted toward
manual grip 18 during the staple advancing and firing sequence. Trigger 20 may pivot away
from manual grip 18 to return the apparatus or surgical instrument 10 to the pre-fired condition
in position for firing the staple next in line. The handle member 12 may be configured to be
attached to the proximal end of the elongate member, the handle member 12 operatively
assoclated with a rotation mechanism described below.

[0028] A double knurled finger operative collar 22 may be rotatable and adapted to rotate
the entire endoscopic section 14 a full 360 degrees, while proximal movement of the collar 22
may produce pivotal motion of the staple storage magazine to one of the positions shown in

phantom in FIG. 1. To achieve the other position shown in phantom in FIG. 1, the collar 22 may
be rotated 180 degrees thereby rotating the entire endoscopic section and causing the position of

the magazine 16 to be reversed to the other position shown in phantom. Thus, the combination
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of full rotation of the endoscopic section 14 and the pivotal movement of the staple storing

magazine may facilitate a wide range of articulation of the distal end of the staple magazine 16,

thus facilitating application of staples over a wide range of locations (£180 degrees) and in any
of a plurality of orientations/directions.

[0029] When the collar 22 1s moved to its proximal-most position the staple magazine
may be in one of the positions shown in phantom in FIG. 1, i.e., at an angle with respect to the
longitudinal axis of the instrument 10. When the collar 22 is advanced to the distal-most
position the staple magazine may assume the position shown in FIG. 1, i.e., in alignment with the
longitudinal axis of the instrument 10.

[(0030] The full 90 degrees of movement of the magazine 16 may be achieved by
longitudinal movement of collar 22 in combination with full rotation of the endoscopic section
4. The longitudinal movement of collar 22 causes pivotal movement of the staple storing
magazine to 45 degrees in one direction and rotation of the endoscopic section 14 provides
completion of the articulation of the magazine. Both of these movements in combination.

facilitate a wide range of maneuverability of the distal end of the staple magazine 16, thus

facilitating application of staples over a wide range of locations (180 degrees) and in any of a
plurality of orientations/directions, as described in more detail below with reference to FIG. 2.
Thus, the end effector may be configured to be attached to the distal end of the elongate member,
the end effector operatively associated with an articulation mechanism and configured to be
pivotable throughout a plurality of directions relative to the longitudinal axis of the elongate

member. The end effector may include a pair of jaw members.

[0031] Additionally, the plurality of directions may include vertical displacements and

horizontal displacements, the displacements driven by one or more actuators positioned within
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the handle member. Also, the handle member 12 may include a drive assembly (not shown) for

actuating the directional movement of the end effector and the rotational movement of the
elongate member.

[0032] With reference to FIG. 2, a perspective view of a distal end of the surgical
instrument of F1G. 1, in accordance with the present disclosure 1s presented.

[0033] Alternatively, the positions of the staple storing magazine 16 may be achieved as
shown in FIG. 2, 1.e., by movement of the magazine 16 between zero degrees and about 45
degrees on either side of the longitudinal axis. In such arrangement, to achieve the positions
shown in phantom in FIG. 2, the collar 22 (see FIG. 1) may be moved distally and proximally,
equal distances on either side of a neutral detent. Movement in one direction would pivot the
magazine 16 to one side and movement in the other direction would cause pivotal movement of
the magazine 16 in the opposite direction. The directions selected would be arbitrary. However,
in this last described embodiment the orientation of the magazine 16 would be the same
throughout the 90 degree pivoting range, whereas in the embodiment of FIG. 1, the orientation of
the magazine when on one side may be opposite the orientation when on the other.

[0034] With reference to FIG. 3, a cross-sectional view taken along lines 3-3 of FIG. 1,
1llustrating the handle mechanism of the surgical instrument of FIG. 1, in accordance with the
present disclosure 1s presented.

[0035] The handle mechanism 12 provides controlled distal movement to the pusher
assembly 24, a portion of which 1s shown i1n FIG. 3. The pusher assembly 24 may extend
through the endoscopic section 14 (see FIG. 1). The surgical instrument 10 may be entirely
disposable. However, 1t 1s also contemplated and within the scope of the present disclosure to

construct the endoscopic section 14 to be selectively detachable whereby the handle 12 may be
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sterilized and reused, or the endoscopic section 14 may be sterilized, and the staple storage
magazine 16 re-loaded with staples for re-use. Alternatively a replacement staple magazine, and
optionally a replacement endoscopic section, may be detachably secured to a disposable handle
12 for multiple uses during a single surgical procedure. Thus, any combination of alternatives
may be incorporated within the scope of the present disclosure.

[0036] In operation, pusher assembly 24 may include flanged thrust bar 26 connected to
firing rod 28 by lost motion connector 30 as shown in FIG. 3. Lost motion connector 30 may be
a bar having a generally “U-shaped™ configuration. The lost motion connector 30 may provide a
positive connection between flanged thrust bar 26 and firing rod 28, yet may also provide a small
space between the firing rod and the thrust bar 26. Since the respective slots 28a and 264 in the
firing rod 28 and in the thrust bar 26 may be dimensioned slightly larger in width than the
thickness of the legs 306 and 30c¢ of the lost motion connector 30 which may be received in these
slots, a small degree of relative movement may be permitted between the components in the
staple firing chain.

[0037] Trigger mechanism 20 may be pivotally attached at pivot pin 32 for pivotal
movement toward and away from handle grip 18, and may be adapted to produce upward and
downward rotational movement of triangular member 34 when horizontal pin 36, attached to
trigger mechanism 20, traverses an upward arc whose center of rotation may be located at pivot
pin 32. Thus, when handle grip 18 1s positioned in the palm of the user’s hand and trigger
mechanism 20 is squeezed toward handle grip 18, horizontal pin 36 may traverse an upward arc
while engaging the longer side 34a of triangular member 34. This movement may cause

triangular member 34 to rotate upward in a counterclockwise direction while upright member 35

10
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to which it may be attached, may pivot forwardly about a point of rotation defined by pivot pin

57 located at the lowermost end of a handle grip 18.

[0038] Additionally, i operation, pusher assembly 24 may be connected to upright
member 35 such that inward squeezing of trigger mechanism 20 may cause the entire pusher
assembly to advance distally against the constant force provided by negator spring 40. The
negator spring 40 may be formed of a resilient flat spring material coiled about the rotational bar
42, which may be rotationally mounted about cross member (not shown) which forms part of
bracket 46. The free end of negator spring 40 may be attached to an anchor pin 48, while the
spring 40 may be biased toward the coiled configuration.

[0039] It may therefore be appreciated that after squeezing trigger mechanism 20, release
of the trigger mechanism may permit the negator spring 40 to assume control and to return
rotational bar 42 to the pre-fired proximal location by the automatic winding action of the
negator spring 40 to its original unloaded configuration. This motion in turn may cause the
entire pusher assembly 24 to return to the proximal-most pre-fired position. The constant force
of negator spring 40 may prevent the natural tendency of the user to rotate the hand as with
springs which increase in force when progressing through a full spring cycle.

[0040] Trigger stop device 50 may be attached to trigger mechanism 20 and may be
configured and dimensioned for engagement with handle grip 18 in a manner to thereby limit the
proximal pivotal movement of trigger mechanism 20. Depending upon the particular limits
required in the apparatus, trigger stop device 50 may be dimensioned accordingly. As a result,

F1G. 3 1illustrates how the surgical instrument 10 includes two modes of operation. That is, a

rotational mode of operation and an articulation mode.

11
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0041] With reference to FI1G. 4, a diagram illustrating the directional movement of the
end effector in accordance with rotational movement of the elongate member, in accordance with
the present disclosure 1s presented.

[0042] In FIG. 4, the diagram 60 shows a user’s reference location 62, a surgical
instrument reference position 64 (i.e., home position), and a surgical instrument position after
rotation 66. As used herein,. the term ““location™ may refer to the spatial coordinates of an object,
the term “orientation” may refer to angular coordinates of the object, and the term “position”™
may refer to the full positional information of the object, comprising both location and
orientation coordinates.

[0043] The surgical mstrument 10 (see FIG. 1) with the rotating shaft 14 may be
controlled by electronics or control circuitry to move the distal end or end effector of the surgical
instrument 10 1n a plurality of radial directions. These directions may be discrete directions.
such as up, down, left, right. Each discrete direction may be achieved by a cable or actuator (not
shown). While the shaft 14 of the surgical instrument 10 rotates, the cable or actuator rotates
with 1t. The operator of the surgical instrument 10 may send commands to articulate the end
eftector. After the shaft 14 rotates away from its initial position, the control on the operator’s
side may become counter-intuitive. For example, if the shaft rotates 90 degrees off the initial
position, up-down control may end up being left-right movement of the end effector. That is, the
physical driving direction of an instrument 10 does not match the operator’s intuitive direction
due to the rotation of the surgical instrument 10. This may cause the surgeon to mishandle the
surgical instrument and may cause inadvertent operation of the surgical instrument.

[0044] Thus, 1n order to resolve such issues and in accordance with diagram 60, once the

locations of the reference points are determined, a processor may execute software which re-

12
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positions the surgical mstrument 10 to reflect the initial position of the surgical instrument 10.
The directional movement may be controlled by a software algorithm, which in turn may be
executed via control circuitry. In certain embodiments, control circuitry may be employed to
control or regulate various isolated or inter-connected components. As used herein the term
“control circuitry” may include, but is not limited to, electrical circuitry, regulators, valves,
rheostats, silicon chips, resistors, capacitors, transistors etc., that may maintain or regulate over
all control or partial control over some component parts or systems. In one embodiment, control
circultry may process input and output signals from individual or interlinked components.
Moreover, the control circuitry in association with the software algorithm may be used to
identify, track, and control directional movement of the end effector in accordance with
rotational movement of the elongate member.

[0045] In an alternative embodiment, sensors may be used to determine the position
and/or orientation of the surgical instrument 10 relative to an anatomical part(s) and/or relative to
the position of a user(s) of the surgical instrument 10. The sensors may provide information
regarding, inter alia, the physical boundary limitations of an operating field or movement of the
surgical instrument 10 with respect to the patient. The information may include, but is not
limited to, boundary sensing and sensory signals. Moreover, a user includes, but is not limited to
a surgeon, operating room personnel, surgical trainer or a robotic user. In some alternative
embodiments, sensory signals may be delivered to a surgical instrument 10 or a human or robotic
user either through a direct hardwired system or through a wireless system. Those skilled in the
art will recognize that signals may be conveyed through numerous means. For instance, the

means for signal communication may include, but is not limited to radio frequencies, acoustic,

ultrasound, electromagnetic, infrared, optical, etc.

13



CA 02732604 2011-02-25

[0046] Back to FIG. 4, the user of the surgical instrument 10 (see FIG. 1) may reorient or
reposition the surgical instrument 10 to a desired location via the click of a button. In other
words, the surgical instrument 10 may receive and act upon one or more control commands. The
control commands may be enabled via one or more buttons or remotely through a wired or
wireless media. Thus, the software algorithm may be controlled via a control panel positioned
about the handle member 12 or may be wirelessly controlled via one or more external sources,
such as a computing device (e.g., computer, mobile device or any electronic device connected to
a network). The external device may be positioned in a remote location relative to the surgical
instrument 10.

[0047] User initiated commands may include, but are not limited to, instructions either to
activate or inactivate a surgical instrument 10. User-initiated commands may also include
instructions to reorient or reposition the surgical instrument 10. Those skilled in the art will
recognize that the activation or inactivation may occur within or outside a physical boundary
limitation of an operating field.

[0048] Furthermore it is conceivable by those skilled in the art that user-initiated
commands may include auto-inactivation or auto-activation of the surgical instrument 10 may
occur abruptly or at regularly phased intervals. In some embodiments, the activation or the
inactivation of the surgical instrument 10 may occur through modification of one or more
operative characteristics of the surgical instrument 10. Additionally or alternatively, the
activation or the inactivation may occur while the surgical instrument 10 may be at least partly
functioning within an operating field. Also, in some instances, user initiated commands may

instruct the surgical instrument 10 to slow down or speed up or change directions. Those skilled

14
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in the art will appreciate that numerous methods, protocols, procedures or algorithms are

available.

[0049] Thus, 1n accordance with the present disclosure, a software algorithm may be used
to allow the end effector to match the commands of the operator. The software algorithm may
include the following process described with reference to FIG. 5.

[0050] With reference to FIG. 5, a flowchart 70 illustrating an example process of
orienting the surgical instrument of FIG. 1. in accordance with the present disclosure is
presented.

[0051] In step 72, a first position of the elongate member may be recorded. In step 74, a
first position of the end effector may be recorded. In step 76, the elongate member may be
rotated in a plurality of positions. In step 78, the movement of the elongate member may be
recorded in each of the plurality of directions. In step 80, an angular displacement of the
elongate member relative to the end etfector may be computed by using triangulation techniques.
In step 82, repositioning of the end effector and the elongate member to match a predetermined
positional reference point established by the first position of the elongate member and the first
position of the end effector takes place. In step 84, a software algorithm may be used to identify,
track, and control directional movement of the end effector in accordance with rotational
movement of the elongate member. The process then ends for the first cycle or first iteration.
However, the process may be a continuous iterative process. In other words, the steps of the
process may repeat for a number cycles or iterations, where the recording, rotating, computing,
readjusting, and repositioning steps are constantly repeated.

[0052] The illustrated devices or methods may be implemented in software, hardware,

firmware or combinations thereof. The steps discussed herein need not be performed in the
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stated order. Several of the steps could be performed concurrently with each other.
Furthermore, if desired, one or more of the above described steps may be optional or may be
combined without departing from the scope of the present disclosure.

[00353] In other words, the software algorithm may record a first position of the elongate
member, a first position of the end effector, and establish a relationship between the first position
of the elongate member and the first position of the end effector. Then, when the elongate
member rotates to a second position, the software algorithm may record the second position of
the elongate member and compare the second position of the elongate member to the first
position of the end effector. This angular shift may be stored in one or more storage units
described below. Of course, the software algorithm may record all position changes of the
elongate remember relative to the end effector and, upon an operator command, reposition the
end effector and the elongate member to match a predetermined positional reference point. The
software algorithm may use triangulation techniques to reposition the end effector to match a
predetermined positional reference point of the elongate member. The triangulation technigues
may involve one or more angle encoders, such as, magnetic sensors or potentiometers.

[0054] In an alternative embodiment, storage units may be used to record the directional
movement of the end effector in accordance with rotational movement of the elongate member
(1.e., endoscopic section 14). The storage units may include any desired type of volatile and/or
non-volatile memory such as, for example, static random access memory (SRAM), dynamic
random access memory (DRAM), flash memory, read-only memory (ROM), etc. The storage

units may include any desired type of mass storage device including hard disk drives, optical

drives, tape storage devices, etc.
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[0055] Those skilled in the art will recognize that the various aspects described herein
which may be implemented, individually or collectively, by a wide range of hardware, software,
firmware, or any combination thereof may be viewed as being composed of various types of
“electrical circuitry.” Consequently, as used herein “electrical circuitry™ includes, but 1s not
limited to, electrical circuitry having at least one discrete electrical circuit, electrical circuitry
having at least one integrated circuit, electrical circuitry having at least one application specific
integrated circutt, electrical circuitry forming a general purpose computing device configured by
a computer program (e.g., a general purpose computer configured by a computer program which
at least partially carries out processes or devices described herein, or a microprocessor
configured by a computer program which at least partially carries out processes or devices
described herein), electrical circuitry forming a memory device (e.g., forms of random access
memory) or electrical circuitry forming a communications device (e.g.. a modem,
communications switch, or optical-electrical equipment). Those having skill in the art will
recognize that the subject matter described herein may be implemented in an analog or digital
fashion or some combination thereof.

[0056] While various aspects and embodiments have been disclosed herein, other aspects
and embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be limiting,
with the true scope and spirit being indicated by the following claims.

[0057] The foregoing detailed description has set forth various embodiments of the
devices or processes via the use of flowcharts, diagrams, figures or examples. Insofar as such
flowcharts, diagrams, figures or examples contain one or more functions or operations, it will be

understood by those within the art that each function or operation within such flowchart,
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diagram, figure or example may be implemented, individually or collectively, by a wide range of
any combination thereof.

[0058] From the foregoing and with reference to the various figure drawings, those
skilled 1n the art will appreciate that certain modifications may also be made to the present
disclosure without departing from the scope of the same. While several embodiments of the
disclosure have been shown in the drawings, it 1s not intended that the disclosure be limited
thereto, as 1t 1s mntended that the disclosure be as broad in scope as the art will allow and that the
specification be read likewise. Therefore, the above description should not be construed as
limiting, but merely as exemplifications of particular embodiments. Those skilled in the art will

envision other modifications within the scope and spirit of the claims appended hereto.
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WHAT IS CLAIMED IS:

1. A surgical instrument, comprising;

an elongate member having a proximal end and a distal end, the elongate member
defining a longitudinal axis and configured to rotate relative to the longitudinal axis;

a handle member configured to be attached to the proximal end of the elongate member,
the handle member operatively associated with a rotation mechanism; and

an end effector configured to be attached to the distal end of the elongate member, the
end etfector operatively associated with an articulation mechanism and configured to be
pivotable throughout a plurality of directions relative to the longitudinal axis of the elongate
member;

wherein a software algorithm is used to identify, track, and control directional movement

of the end effector in accordance with rotational movement of the elongate member.

2. The surgical instrument according to Claim 1, wherein the end effector includes a

pair of jaw members.

3. The surgical instrument according to Claim 1, wherein the plurality of directions
include vertical displacements and horizontal displacements, the displacements driven by one or

more actuators positioned within the handle member.

4. The surgical instrument according to Claim 1, wherein the handle member

includes a drive assembly for actuating the directional movement of the end effector and the

rotational movement of the elongate member.
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S, The surgical instrument according to Claim 1, wherein the software algorithm
records a first position of the elongate member, a first position of the end effector, and

establishes a relationship between the first position of the elongate member and the first position

of the end eftector.

6. The surgical instrument according to Claim 5, wherein when the elongate
member rotates to a second position, the software algorithm records the second position of the

elongate member and compares the second position of the elongate member to the first position

of the end effector.

7. The surgical instrument according to Claim 6, wherein the software algorithm
records all position changes of the elongate remember relative to the end effector and, upon an
operator command, repositions the end effector and the elongate member to match a

predetermined positional reference point.

8. The surgical instrument according to Claim 1, wherein the software algorithm

uses triangulation techniques to reposition the end effector to match a predetermined positional

reference point of the elongate member.

9. The surgical instrument according to Claim 8, wherein the triangulation

techniques involve using one or more angle encoders.
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10.  The surgical instrument according to Claim 9, wherein the one or more angle

encoders are magnetic sensors or potentiometers.

11. The surgical instrument according to Claim 1, wherein the software algorithm 1s

controlled via a control panel positioned about the handle member.

12.  The surgical instrument according to Claim 1, wherein the software algorithm 1s

wirelessly controlled via an external source.

13. The surgical instrument according to Claim 12, wherein the external source is a

computing device.

14, The surgical instrument according to Claim 12, wherein the external source 1s a

computing device positioned in a remote location.

15. A method of using a surgical instrument, the method comprising:

providing an elongate member having a proximal end and a distal end, the elongate
member defining a longitudinal axis and configured to rotate relative to the longitudinal axis;

attaching a handle member to the proximal end of the elongate member, the handle

member operatively associated with a rotation mechanism; and

attaching an end effector to the distal end of the elongate member, the end effector
operatively associated with an articulation mechanism and configured to be pivotable throughout

a plurality of directions relative to the longitudinal axis of the elongate member;
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wherein a software algorithm 1s used to identify, track, and control directional movement

of the end effector in accordance with rotational movement of the elongate member.

16.  The method according to Claim 15, wherein the end effector includes a pair of

jaw members.

17. The method according to Claim 135, wherein the plurality of directions include
vertical displacements and horizontal displacements, the displacements driven by one or more

actuators positioned within the handle member.

18. The method according to Claim 15, further including manipulating a drive

assembly for actuating the directional movement of the end effector and the rotational movement

of the elongate member.

19. The method according to Claim 15, further including recording a first position of
the elongate member and a first posttion of the end effector via the software algorithm, and

establishing a relationship between the first position of the elongate member and the first

position of the end effector.

20. The method according to Claim 19, wherein when the elongate member rotates to
a second position, the software algorithm records the second position of the elongate member

and compares the second position of the elongate member to the first position of the end effector.
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21.  The method according to Claim 20, wherein the software algorithm records all
position changes of the elongate remember relative to the end effector and, upon an operator

command, repositions the end effector and the elongate member to match a predetermined

positional reference point.

22.  The method according to Claim 135, further including using triangulation

techniques to reposition the end effector to match a predetermined positional reference point of

the elongate member.

23.  The method according to Claim 22, wherein the triangulation techniques involve

using one or more angle encoders.

24.  The method according to Claim 23, wherein the one or more angle encoders are

magnetic sensors or potentiometers.

25. The method according to Claim 15, further including controlling the software

algorithm via a control panel positioned about the handle member.

26.  The method according to Claim 15, further including wirelessly controlling the

software algorithm via an external source.

27.  The method according to Claim 26, wherein the external source is a computing

device.
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28.  The method according to Claim 26, wherein the external source 1s a computing

device positioned in a remote location.

29. A method of using a surgical instrument having an elongate member attached to a
handle at a proximal end and attached to an end effector at a distal end, the method comprising;:

recording a first position of the elongate member;

recording a first position of the end effector;

rotating the elongate member in a plurality of directions;

recording movement of the elongate member 1n each of the plurality of directions;

computing an angular displacement of the elongate member relative to the end effector
by using triangulation techniques; and

repositioning the end effector and the elongate member to match a predetermined
positional reference point established by the first position of the elongate member and the first

position of the end etfector;

wherein a software algorithm 1s used to identify, track, and control directional movement

of the end effector in accordance with rotational movement of the elongate member.

30.  The method according to Claim 29, wherein the triangulation techniques involve

using one or more angle encoders.

31.  The method according to Claim 30, wherein the one or more angle encoders are

magnetic sensors or potentiometers.
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32. The method according to Claim 29, further including controlling the software

algorithm via a control panel positioned about the handle member.

33.  The method according to Claim 29, further including wirelessly controliing the

software algorithm via an external source.

34.  The method according to Claim 33, wherein the external source is a computing

device.

35.  The method according to Claim 33, wherein the external source 1s a computing

device positioned in a remote location.
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