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ABSTRACT

A surgical device comprising: a jaw portion having a first jaw and
a second jaw; a shaft assembly coupled to a proximal end of the Jaw
portion, the shaft assembly defining a longitudinal axis; a handle
assembly supporting the jaw assembly; and a drive assembly supported 1n
the handle assembly. The drive assembly 1s configured to apply a
plurality of control motions to the shaft assembly. The drive assembly
includes a gear train operably communicating with a firing input bevel
gear for actuating at least one gear of the gear train to transversely

communicate with at least one other gear of the gear train.
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SURGICAL DEVICE

This application is a division of Canadian Serial No. 2,698,571

filed September 22, 2008.

FIELD OF THE INVENTION

The present invention relates to a surgical device. More
specifically, the present invention relates to a powered,

rotating and/or articulating device for clamping, cutting and

stapling tissue.

BACKGROUND INFORMATION
One type of surgical device is a linear clamping, cutting

and stapling device. Such a device may be employed in a
surgical procedure to resect a cancerous or anomalous tissue
from a gastro-intestinal tract. One conventional linear

clamping, cutting and stapling instrument is shown in Figure
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1. The device includes a pistol grip-styled structure having
an elongated shaft and distal portion. The distal portion
includes a pair of scissors-styled gripping elements, which
clamp the open ends of the colon closed. In this device, one
of the two scissors-styled gripping elements, such as the
anvil portion, moves or pivots relative to the overall
gtructure, whereas the other gripping element remains fixed
relative to the overall structure. The actuation of this
scissoring device (the pivoting of the anvil portion) is
controlled by a grip trigger maintained in the handle.

In addition to the scissoring device, the distal portion
also includes a sﬁapling mechanism. The fixed gripping
element of the scissoring mechanism includes a staple
cartridge receiving region and a mechanism for driving the
staples up through the clamped end of the tissue against the
anvil portion, thereby sealing the previously opened end. The
scigsoring elements may be integrally formed with the shaft or
may be detachable such that various scissoring and stapling
elements may be interchangeable.

One problem with the foregoing surgical devices, and in

particular with the foregoing linear clamping, cutting and

stapling devices such as that illustrated in Figure 1, is that
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the opposing jaws may be difficult to maneuver within a
patient. It may be necessary for a surgeon to move the
opposing jaws between various angles in order to position the
desired tissue between the opposing jaws. However, it is also
generally desirable to make an incision in a patient that is
as small as possible, and the small size of an incision limits
the degree to which the opposing jaws may be maneuvered.

Another problem with the foregoing surgical devices, and
in particular with the foregoing linear clamping, cutting and
stapling devices such as that illustrated in Figure 1, 1s that
the opposing jaws may not be sufficiently hemostatic.
Specifically, the opposing jaws of the foregoing surgical
devices are not clamped together with sufficient force,
thereby reducing the effectiveness of the surgical device.
Still another problem with the foregoing surgical devices, and
in particular with the foregoing linear clamping, cutting and
stapling devices such as that illustrated in Figure 1, 1is that
the cutting and/or stapling members are not driven with
sufficient torque, thereby reducing the effectiveness of the
surgical device.

Thus, there is believed to be a need for an improvement
in the maneuverability of clamping, cutting and stapling
devices. In addition, there is believed to be a need for a

clamping, cutting and stapling device that provides additional

clamping, cutting and stapling forces.
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SUMMARY

In accordance with one embodiment of the present invention,
there is provided a surgical device comprising: a Jaw portion
having a first jaw and a second jaw; a shaft assembly coupled to
a proximal end of the jaw portion, the shaft assembly defining a
longitudinal axis; a handle assembly supporting the jaw assembly;
and a drive assembly supported in the handle assembly, the drive
assembly being configured to apply a plurality of control motions

to the shaft assembly; wherein the drive assembly 1includes a gear
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train operably communicating with a firing input bevel gear for
actuating at least one gear of the gear train to transversely

communicate with at least one other gear of the gear train.

Another embodiment of the present invention provides a
surgical device comprising: a jaw portion; a shaft assembly
coupled to the jaw portion; a handle assembly supporting the
shaft assembly; and a drive assembly supported in the handle
assembly, the drive assembly mechanically cooperating with the
shaft assembly, the drive assembly including a first gear

arrangement transversely engaging a second gear arrangement.

Further, in accordance with an example embodiment of the

present invention, a surgical device is provided, the surgical

device including a first driver for performing a first movement

function; a second driver for performing a second movement

function; a first rotatable drive shaft configured, upon
actuation, to cause selective engagement of one of the first and

second drivers with a second rotatable drive shaft, wherein the

second rotatable drive shaft is configured to
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drive the selectively engaged one of the first and second

drivers.

In an embodiment, the surgical device also includes a
third driver for performing a third movement function, wherein
the first rotatable drive shaft is configured, upon actuation,
to cause selective engagement of one of the first, second and
third drivers with a second rotatable drive shaft, and wherein
the second rotatable drive shaft is configured to drive the
selectively engaged one of the first, second and thixd
drivers. .Aléo, the surgical device may include a fourth
driver for performing a third movement function, wherein the
first rotatable drive shaft is confiqured, upon actuation, to
cause selective engagement of one of the first, second, third
and fourth drivers with a second rotatable drive shaft, and
wherein the second rotatable drive shaft is configured to
drive the selectively engaged one of the first, second, third

and fourth drivers.

Various movement functions may be performed by the
surgical device. For example, the surgical device may include
a shaft portion coupled to a handle, the handle defining a
longitudinal axis. At least one of the first and second
movement functions may include rotating, upon actuation of the
second rotatable drive shaft, a shaft portion of the surgical
device relative to, and about a longitudinal axis of, a handle
of the surgical device. Actuation of the second rotatable
drive shaft in a first rotational direction may cause pivotal
movement of the shaft portion in a first rotational direction
relative to, and about the longitudinal axis of, the handle,
and actuation of the second rotatable drive shaft in a second
rotational direction may cause pivotal movement of the shaft
portion in a second rotational direction that is opposite the
first rotational direction relative to, and about the
longitudinal axis of, the handle. The first or second driver
may include at least one gear that is selectively engaged by

the second rotatable drive shaft upon the first rotatable
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drive shaft moving a functional component into a position
corresponding to the at least one of the first and second
movement functions.

In another movement function that may be performed by the
surgical device, the surgical device may include a jaw portion
coupled to a shaft portion, and the first or second movement
function may include moving, upon actuation of the second
rotatable drive shaft, a jaw portion of the surgical device
relative to a shaft portion of the surgical device. Actuation
of the second rotatable drive shaft in a first rotational
direction may cause pivotal movement of the jaw portion in a
first rotational direction relative to the shaft portion, and
actuation of the second rotatable drive shaft in a second
rotational direction may cause pivotal movement of the jaw
portion in a second rotational direction that 1s opposite the
first rotational direction relative to the shaft portion. The
jaw portion and the shaft portion may define respective
longitudinal axes, and the jaw portion may pivot relative to a
shaft portion about a longitudinal axis that is perpendicular
to the longitudinal axes of the jaw portion and the shaft
portion. The first or second driver may include at least one
gear that is selectively engaged by the second rotatable drive
shaft upon the first rotatable drive shaft moving a functional
component into a position corresponding to the at least one of
the first and second movement functions.

In another movement function that may be performed by the
surgical device, the surgical device may include a jaw portion
that includes a first jaw and a second jaw in opposed
correspondence with each other, and the first or second
movement function may include moving, upon actuation of the
second rotatable drive shaft, the first jaw relative to the
second jaw. Actuation of the second rotatable drive shaft in
a first rotational direction may cause movement of the first

jaw in a first rotational direction relative to the second

jaw, and actuation of the second rotatable drive shaft in a

5
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second rotational direction may cause pivotal movement of the
first jaw in a second rotational direction that is opposite
the first rotational direction relative to the second jaw.
The first or second jaws may define respective longitudinal
axes, and the first jaw may pivot relative to the second jaw
about a longitudinal axis that is perpendicular to the
longitudinal axes of the first and second jaws. The first or
second driver may include at least one gear that is
selectively engaged by the second rotatable drive shaft upon
the first rotatable drive shaft moving a functional component
into a position corresponding to the at least one of the first
and second movement functions.

In another movement function that may be performed by the
surgical device, the surgical device may include a first jaw
and a second jaw in opposed correspondence with the first jaw,
the second jaw including a surgical member. At least one of
the first and second movement functions may include driving,
upon actuation of the second rotatable drive shaft, the
surgical member within the second jaw. Actuation of the
second rotatable drive shaft in a first rotational direction
may cause movement of the surgical member in a first direction
within the second jaw, and actuation of the second rotatable
drive shaft in a second rotational direction may cause
movement of the surgical member in a second direction that is

opposite the first direction within the second jaw. The
surgical member may include at least one of a cutting element

and a stapling element. The first or second drivers may
include at least one gear that is selectively engaged by the
second rotatable drive shaft upon the first rotatable drive
shaft moving a functional component into a position
corresponding to the at least one of the first and second

movement functions.

In an embodiment, the first and second rotatable drive

shafts are coupleable to respective drive couplings of an

electro-mechanical driver. Alternatively, the surgical device
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may also include at least one motor, the at least one motor
configured to rotate the first and second rotatable drive
shafts.

In another embodiment, there is provided a surgical
system that includes an electro-mechanical driver unit
including at least one motor unit, and a surgical attachment
that includes: a first driver for performing a first movement
function; a second driver for performing a second movement
function; a first rotatable drive shaft coupleable to the at
least one motor unit and confiqured, upon actuation by the at
least one motor unit, to cause selective engagement of one of
the first and second drivers with a second rotatable drive
shaft, wherein the second rotatable drive shaft is coupleable
to the at least one motor unit and is confiqured to drive the
selectively engaged one of the first and second drivers via
the at least one motor unit.

Also, the surgical attachment of the surgical system may
further include a third driver for performing a third movement
function, wherein the first rotatable drive shaft is
configured, upon actuation, to cause selective engagement of
one of the first, second and third drivers with the second
rotatable drive shaft, and wherein the second rotatable drive
shaft is configured to drive the selectively engaged one of
the first, second and third drivers. 1In addition, the
surgical attachment may also include a fourth driver for
performing a third movement function, wherein the first
rotatable drive shaft is configqured, upon actuation, to cause
selective engagement of one of the first, second, third and
fourth drivers with the second rotatable drive shaft, and
wherein the second rotatable drive shaft is configured to

drive the selectively engaged one of the first, second, third

and fourth drivers.
In an embodiment, the surgical attachment of the surgical

system includes a shaft portion coupled to a handle, the

handle defining a longitudinal axis, wherein at least one of

7
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the first and second movement functions includes rotating,
upon actuation of the second rotatable drive shaft, a shaft
portion of the surgical device relative to, and about a
longitudinal axis of, a handle of the surgical device.
Actuation via the at least one motor unit of the second
rotatable drive shaft in a first rotational direction may
cause pivotal movement of the shaft portion in a first
rotational direction relative to, and about the longitudinal
axis of, the handle, and actuation via the at least one motor
unit of the second rotatable drive shaft in a second
rotational direction may cause pivotal movement of the shaft
portion 1n a second rotational direction that is opposite the
first rotational direction relative to, and about the
longitudinal axis of, the handle. The first or second driver
may include at least one gear that is selectively engaged by
the second rotatable drive shaft upon the first rotatable
drive shaft moving a functional component into a position

corresponding to the at least one of the first and second

movement functions.
In an embodiment, the surgical attachment of the surgical

system includes a jaw portion coupled to a shaft portion,
wherein at least one of the first and second movement
functions includes moving, upon actuation via the at least one
motor unit of the second rotatable drive shaft, a jaw portion

of the surgical device relative to a shaft portion of the

surgical device. Actuation via the at least one motor unit of
the second rotatable drive shaft in a first rotational
direction may cause pivotal movement of the jaw portion in a
firgt rotational direction relative to the shaft portion, and
actuation via the at least one motor unit of the second
rotatable drive shaft in a second rotational direction may
cause pivotal movement of the jaw portion in a second
rotational direction that is opposite the first rotational
direction relative to the shaft portion. The jaw portion and

the shaft portion may define respective longitudinal axes, and



10

15

20

25

30

35

CA 02921566 2016-02-23

the jaw portion may pivot relative to a shaft portion about a
longitudinal axis that is perpendicular to the longitudinal
axes of the jaw portion and the shaft portion. The first or
second driver may include at least one gear that is
selectively engaged by the second rotatable drive shaft upon
the first rotatable drive shaft moving a functional component
into a position corresponding to the at least one of the first
and second movement functions.

In an embodiment, the surgical attachment of the surgical
system may include a jaw portion that includes a first jaw and
a second jaw in opposed correspondence with each other, and
the first or second movement function may include moving, upon
actuation via the at least one motor unit of the second
rotatable drive shaft, the first jaw relative to the second
jaw. Actuation via the at least one motor unit of the second
rotatable drive shaft in a first rotationél direction may
cause movement of the first jaw in a first rotational
direction relative to the second jaw, and actuation via the at
least one motor unit of the second rotatable drive shaft in a
second rotational direction may cause pivotal movement of the
first jaw in a second rotational direction that is opposite
the first rotational direction relative to the second jaw.

The first and second jaws define respective longitudinal axes,
and the first jaw may pivot relative to the second jaw about a
longitudinal axis that is perpendicular to the longitudinal
axes of the first and second jaws. The first or second driver
may include at least one gear that is selectively engaged by
the second rotatable drive shaft upon the first rotatable
drive shaft moving a functional component into a position
corresponding to the at least one of the first and second

movement functions.
In an embodiment, the surgical attachment of the surgical

system includes a first jaw and a second Jaw in opposed
correspondence with the first jaw, the second jaw including a

surgical member, wherein at least one of the first and second
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movement functions includes driving, upon actuation via the at

least one motor unit of the second rotatable drive shaft, the
surgical member within the second jaw. Actuation via the at
least one motor unit of the second rotatable drive shaft in a
first rotational direction may cause movement of the surgical
member in a first direction within the second jaw, and
actuation via the at least one motor unit of the second
rotatable drive shaft in a second rotational direction may
cause movement of the surgical member in a second direction
that is opposite the first direction within the second jaw.
The surgical member may include at least one of a cutting
element and a stapling element. The first or second driver
may include at least one gear that is selectively engaged by
the second rotatable drive shaft upon the first rotatable
drive shaft moving a functional component into a position
corresponding to the at least one of the first and second

movement functions.

In an embodiment, the surgical system of the surgical
system may also include a control system configured to control
the motor unit. The control system may be disposed within a
housing. Also, the control system may include at least one
control device mounted on the surgical attachment, and the
control device may include a wireless remote control unit.
The surgical attachment may include a position sensor
corresponding to a function component that is moveable by the
first rotatable drive shaft, the sensor outputting a signal
corresponding to a position of the function component. The
second rotatable drive shaft may be configured to be
selectively engaged with the first and/or second driver based
on the position of the function component.

In another embodiment, a surgical device is provided

which includes a jaw portion, having a first jaw in opposed
correspondence with a second jaw, the second jaw including a

surgical member, a shaft portion coupled to a proximal end of

the jaw portion and a handle defining a longitudinal axis.

10
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The surgical device may also include a first driver for
rotating the shaft portion of the surgical device relative to,
and about the longitudinal axis of, the handle; a second
driver for moving the jaw portion relative to the shaft
portion; a third driver for moving the first jaw relative to
the second jaw; and a fourth driver for moving the surgical
member within the second jaw. In addition, the surgical
device may also include a first rotatable drive shaft
configured, upon actuation, to cause selective engagement of
at least one of the first, second, third and fourth drivers
with a second rotatable drive shaft, wherein the second
rotatable drive shaft is configured to drive the selectively
engaged one of the first, second, third and fourth drivers.
In such an embodiment, the surgical device may be
arranged such that, upon the first rotatable drive shaft
causing engagement of the first driver with the second
rotatable drive shaft, actuation of the second rotatable drive
shaft in a first rotational direction causes pivotal movement
of the shaft portion in a first rotational direction relative
to, and about the longitgdinal axis of, the handle, and
actuation of the second rotatable drive shaft in a second
rotational direction causes pivotal movement of the shaft
portion in a second rotational direction that is opposite the
first rotational direction relative to, and about the
longitudinal axis of, the handle. Also, the surgical device

may be arranged such that, upon the first rotatable drive

shaft causing engagement of the second driver with the second
rotatable drive shaft, actuation of the second rotatable drive
shaft in a first rotational direction causes pivotal movement

of the jaw portion in a first rotational direction relative to
the shaft portion, and actuation of the second rotatable drive
shaft in a second rotational direction causes pivotal movement
of the jaw portion in a second rotational direction that 1is
opposite the first rotational direction relative to the shaft

portion. Further, the surgical device may be arranged such

11
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that the jaw portion and the shaft portion define respective
longitudinal axes, and wherein the jaw portion pivots relative
to a shaft portion about a longitudinal axis that is
perpendicular to the longitudinal axes of the jaw portion and
the shaft portion.

The surgical device may also be arranged such that, upon
the first rotatable drive shaft causing engagement of the
third driver with the second rotatable drive shaft, actuation
of the second rotatable drive shaft in a first rotational
direction causes movement of the first jaw in a first
rotational direction relative to the second jaw, and actuation
of the second rotatable drive shaft in a second rotational
direction causes pivotal movement of the first jaw in a second
rotational direction that is opposite the first rotational
direction relative to the second jaw. In such an arrangement,
the first and second jaws may define respective longitudinal
axes, and the first jaw may pivot relative to the second jaw
about a longitudinal axis that is perpendicular to the
longitudinal axes of the first and second jaws.

Also, the surgical device may be arranged such that, upon
the first rotatable drive shaft causing engagement of the
third driver with the second rotatable drive shaft, actuation
of the second rotatable drive shaft in a first rotational

direction causes movement of the surgical member in a first

direction within the second jaw, and actuation of the second
rotatable drive shaft in a second rotational direction causes
movement of the surgical member in a second direction that is
opposite the first direction within the second jaw.

In an embodiment, the first and second rotatable drive
shafts may be coupleable to respective drive couplings of an
electro-mechanical driver. Alternatively, the surgical device
may include at least one motor, the at least one motor

configured to rotate the first and second rotatable drive

shafts.

12



10

15

20

25

30

CA 02921566 2016-02-23

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a conventional linear
clamping, cutting and stapling device;

Figure 2(a) is a perspective view of an example
embodiment of an electro-mechanical driver component,
according to the present invention;

Figure 2(b) is a schematic diagram that illustrates some
of the components of a surgical device, according to an
example embodiment of the present invention;

lFigure 2{(c) is a schematic diagram that i1illustrates some
of the components of a surgical device, according to another
example embodiment of the present invention;

Figqure 3(a) is a perspective view of a surgical device,
according to an example embodiment of the present invention;

Figqure 3(b) is a side view, partially in section, that
illustrates a handle of the surgical device, according to an
embodiment of the present invention;

Figure 3(c) is a side perspective view, partially in
section, that illustrates additional features of the handle of
the surgical device, according to the embodiment illustrated
in Figure 3(b);

Figqures 3(d) and 3(e) are side perspective views,
partially in section, that illustrates still further rfeatures
of the handle of the surgical device, according to an
embodiment of the present invention;

Figure 3(f) is a side perspective view of a distal

assembly of the surgical device, according to an embodiment of

the present invention;

Figure 4 (a) is an exploded perspective view that

jllustrates a proximal section of the distal assembly,

according to the embodiment illustrated in Figure 3(f);

Figure 4 (b) is an exploded perspective view that
illustrates an intermediate section of the distal assembly,

according to the embodiment illustrated in Figure 3(f};

13
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Figure 4(c) is an exploded perspective view that
illustrates a distal section of the distal assembly, according
to the embodiment illustrated in Figure 3 (f);

Figure 4(d) is a side perspective view, partially in

5 section, of the intermediate section of the distal assembly,
according to the embodiment illustrated in Figure 3(f);

Figure 4(e) is an exploded perspective view that
illustrates a replaceable staple cartridge, according to an
embodiment of the present invention;

10 Figure 4(f) is a bottom view of the anvil of a first jaw,

according to an embodiment of the present invention;

Figure 5(a) is a side perspective view, partially in
section, of the handle portion of the surgical device, and
particularly the components of the handle portion that

15 function to move, e.g., rotate, a shaft portion relative to,
and about the longitudinal axis of, a handle, according to the
embodiment illustrated in Figures 3(a) through 3(e);

Figure 5(b) is a side perspective view, partially in
section, of the handle portion of the surgical device, and

20 particularly the components of the handle portion that
function to move, e.g., articulate, a jaw portion relative to
a shaft portion, according to the embodiment illustrated in
Figures 3(a) through 3(e);

Figure 5(c) is a side perspective view, partially in

25 section, of the handle portion of the surgical device, and
particularly the components of the handle portion that
function to move, e.g., clamp by opening and closing, a first
jaw relative to a second jaw, according to the embodiment
illustrated in Figures 3(a) through 3(e);

30 Figure 5(d) is a side perspective view, partially in
section, of the handle portion of the surgical device, and
particularly the components of the handle portion that
function to move a cutting and/or stapling element, e.g., to

drive a staple pushing element and/or cutting blade through a

14
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section of tissue, according to the embodiment illustrated in
Figures 3(a) through 3 (e);

Figure 5(e) is a cross-sectional view of a cutting and/or
stapling element of the surgical device 11, according to an
embodiment of the present invention;

Figure 6(a) is a side perspective view, partially in
section, of the intermediate section of the distal portion of
the surgical device, and particularly the components of the
intermediate section that are moved, e.g., rotated, when a
shaft portion 1is rotated relative to, and about a longitudinal
axis of, the handle, according to the embodiment illustrated
in Figures 3(f) and 4(d);

Figure 6(b) is a side perspective view, partially in
section, of the intermediate section of the distal portion of
the surgical device, and particularly the components of the
intermediate section that function to move, e.g., articulate,
a jaw portion relative to a shaft portion, according to the
embodiment illustrated in Figures 3(f) and 4(d);

Figure 6(c) is a side perspective view, partially in
section, of the intermediate section of the distal portion of
the surgical device, and particularly the components of the
intermediate section that function to move, e.g., clamp by
opening and closing, a first jaw relative to a second jaw,

according to the embodiment illustrated in Figures 3(f) and

4 (d) ;
Figure 6(d) is a side perspective view, partially in

section, of the intermediate section of the distal portion of
the surgical device, and particularly the components of the
intermediate section that function to move a cutting and/or
stapling élement, e.g., to drive a staple pushing element
and/or cutting blade through a section of tissue, according to
the embodiment illustrated in Figures 3(f) and 4(d);

Figure 7 illustrates a side view, partially in sectlon,

of the flexible shaft, according to another example embodiment

of the present invention;

15
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Figure 8 is a cross-sectional view of the flexible shaft
taken along the line 8-8 illustrated in Figure 7;

Figure 9 1llustrates a rear end view of first coupling,
according to an example embodiment of the present invention;

Figure 10, there 1s seen a front end view of the second
coupling of the flexible shaft, according to an example

embodiment of the present invention;

Figure 11 illustrates schematically an arrangement of
motors, according to an example embodiment of the present
invention;

Figure 12 i1llustrates a schematic view of the electro-
mechanical driver component, according to an example

embodiment of the present invention;

Figure 13 is a schematic view of an encoder, according to
an example embodiment of the present invention;

Figure 14 schematically illustrates the memory module,
according to an example embodiment of the present invention;

Figure 15, there is seen a schematic view of a wireless

RCU, according to an example embodiment of the present
invention;
Figure 16, there is seen a schematic view of a wired RCU,

according to an example embodiment of the present invention;

Figure 17(a) is a side perspective view of such a

surgical device, according to an example embodiment of the

present invention;
Figure 17 (b) is a partial cutaway view of the surgical

device of Figure 17(a), showing additional details of the

components internal to the handle;

Figure 17(c) is a partially cutaway, top perspective view
of the surgical device of Figure 17(a), which 1llustrates

additional details of the drive mechanism;

Figure 18 (a) is an exploded perspective view of a

selector gearbox assembly;

Figure 18(b) is a cross-sectional view of the selector

gearbox assembly of Figure 18(a);

16
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Figure 18(c) is a perspective view of the selector
gearbox assembly of Figure 18(a); and

Figure 18(d) is a front view of the selector gearbox

assembly of Figure 18(a).

DETAILED DESCRIPTION

Figure 2(b) is a schematic diagram that illustrates some
of the components of a surgical device 11, according to an
example embodiment of the present invention. The surgical

10 device 11 is confiqured so as to be particularly well-suited
for insertion into the body of a patient, e.g., via a cannula
(not shown). In the embodiment shown, the surgical device 11
is a clamping, cutting and stapling device. The surgical
device 11 includes a jaw portion 1lla that is pivotably coupled

15 to a shaft portion 11b by a hinge portion 1lc¢. The jaw
portion lla includes a first jaw 50 having a distal end 50a
and a proximal end 50b, and a second jaw 80 having a distal
end 80a and a proximal end 80b. The first jaw 50 and the
second jaw 80 are pivotably coupled relative to each other at

20 or near their respective proximal ends 50b, 80b. As shown,
the first jaw 50 and the second jaw 80 are pivotable relative
to each other about pivot axis A. In the example embodiment
shown, pivot axis A is oriented perpendicular to the page. In
this arrangement, the jaws are configured such that, upon

25 opening and closing of the first jaw 50 relative to the second
jaw 80 and at point in the movement of the first jaw 50
relative to the second jaw 80, both the first jaw 50 and the

second jaw 80, e.g., their longitudinal axes, remain within a
plane defined by the page. It should be understood, however,
30 that the surgical device 11 may instead be configured such
that the first jaw 50 and the second jaw 80 are pivotable
relative to each other about a pivot axis that is not oriented
perpendicular to the page, in which case the first jaw 50 and

the second jaw 80 may move within a plane or planes defined by

35 other than the page.
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As mentioned above, the jaw portion 1lla is pivotably
coupled to the shaft portion 11b by the hinge portion 1lilc.
Specifically, the jaw portion 1lla is pivotable relative to the
shaft portion 11b about a pivot axis B, which may be
positioned at any location on or between the jaw portion 11la
and the shaft portion 1lb; and at any circumferential location
relative to the jaw portion 1la and the shaft portion 11b. In
the example embodiment shown, the pivot axis B is oriented
vertically, and within the page, in the view shown. In this
arrangement, the jaw portion 1lla and the shaft portion 1lb are
configured such that, upon articulation of the jaw portion 1la
relative to the shaft portion 11b and at any point in the
movement of the jaw portion 1lla relative to the shaft portion
11b, the jaw portion lla and the shaft portion 11lb remain
within a plane that is perpendicular to the pivot axis B. It
should be recognized that, in other example embodiments, the
pivot axis B may have a different orientation, so as to enable
the jaw portion lla to pivot within a different plane. The
jaw portion 1lla may be pivotable to and between any angles
relative to the shaft portion 1l1b, such that the jaw portion
lla can be selectively positioned as desired during use.

Furthermore, the surgical device 11 may provide rotation
of various components about a longitudinal axis of the
surgical device 11. For example, in various embodiments, the
jaw and/or shaft portions 1lla, 11b may be rotatable relative
to a handle 1103 (described in additional detail below), that
is attached to a proximal end of the shaft portion 11b, about

a longitudinal axis D of the handle 1103, e.g., the
longitudinal axis D of the handle 1103 at the point where the

handle 1103 meets the shaft portion 11b.

The shaft portion 11b may include a distal portion 1101l1a,
to which the jaw portion lla is connected, and a proximal
portion 1101b, which may be connected to the handle 1103. For
the purposes of clarity, the handle 1103 is shown in Figure
2 (b) schematically; further details of the handle 1103,
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according to various embodiments of the present invention, are
set forth in connection with, e.g., Figureg 5(a) through 5(d).
Generally, the handle 1103 provides a device with which a user
may grasp and operate the surgical device 11. The handle 1103
has a proximal portion 1102. At the proximal portion 1102,

the handle 1103 may include a connection element 1104, e.g., a

quick-connect coupling, for connecting to a flexible shaft

(described in further detail below).

The second jaw 80 includes a clamping surface 106. The
second jaw 80 also includes a cutting and stapling element
104, which may form at least part of the clamping surface 106
of the second jaw 80. The first jaw 50 includes an anvil
member 700 in opposed correspondence with the second jaw 80.
The anvil member 700 includes the clamping surface 108, which,
along with the clamping surface 106 of the second jaw 80,
clamps a section of tissue to be cut and stapled. As
explained in greater detail below, the cutting and stapling
element 104 is configured to cut and staple a section of
tissue when the first jaw 50 and the second jaw 80 are in a
closed, e.g., fully closed, position. Additional features of
the cutting and stapling element 104, according to an
embodiment, are illustrated and described, for instance, in
connection with Figures 3(f) and 3(g) below. and further in

U.S. Patent Nos. 7,695,485 and 7,743,960,

Various drivers may be employed to drive the movements of
the surgical device 11, e.g., pivoting the first jaw 50
relative to the second jaw 80, firing of a staple cartridge,
pivoting the jaw portion 1la relative to the shaft portion
11b, rotating the jaw and shaft portions 1lla, 1llb or some part
thereof around the longitudinal axis of the shaft portion 11b,

etc. According to an embodiment of the present invention,

these functions are performed by connection of the surgical
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device 11 to a flexible shaft having two rotatable drive
shafts, although is should be recognized that in other
embodiments, different types and/or a different number of
drive components may be employed.

Figure 2(b) illustrates schematically that the handle
1103 includes a function selector module 1110. Additional
details of the function selector module 1110 are set forth
below. Generally, the function selector module 1110 1is
actuatable by a first rotatable drive shaft 1110a so as to
move between a plurality of different functional positions.
In the embodiment shown, the function selector module 1110 1s
actuatable by the first rotatable drive shaft 1110a between
four different functional positions, each of which is set
forth more fully below. The function selector module 1110 1is
configured such that, in each one of the different functional
positions, the function selector module 1110 causes engagement
of a second rotatable drive shaft 1110b with a selected one of
various drivers 88, 98, 201, 202 of the surgical device 1l.
Each one of .the drivers 88, 98, 201, 202 is configured to
perform, upon engagement with and operation of the second

rotatable drive shaft 1110b, a particular function of the

surgical device 11, as set forth below.

As set forth above, in the embodiment shown in Figure
2(b), the handle 1103 includes a connection element 1104,
which‘enables the first rotatable drive shaft 1110a to be
coupled to the third rotatable drive shaft 94 via the first
drive socket 654. The third rotatable drive shaft 94 1is in
turn coupled to, or coupleable to, a first motor 96. 1In this
manner, operation of the first motor 96 to rotate the third

rotatable drive shaft 94, the first drive socket 654 and first
rotatable drive shaft 1110a may actuate the function selection
module 1110.

Also, in the embodiment shown in Figure 2(b), the
connection element 1104 of the handle 1103 may enable the

second rotatable drive shaft 1110b to be coupled to a fourth
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rotatable drive shaft 102 via a second drive socket 694. The
fourth rotatable drive shaft 102 is in turn coupled to, or
coupleable to, a second motor 100. In this manner, operation
of the second motor 100 to rotate the fourth rotatable drive
shaft 102, the second drive socket 694 and second rotatable
drive shaft 1110b may drive the particular driver mechanism

that has previously been selected by the operation of the

function selection module 1110.

In an embodiment, a first function that may be performed
by the surgical device 11 is to rotate the shaft portion 11b
about longitudinal axis D relative to the handle 1103, e.g.,
to operate a rotation gear within the handle 1103 so as to
rotate the shaft portion 11b about longitudinal axis D
relative to the handle 1103. To perform this function, the
function selection module 1110 may initially be positioned in
a first selection position by the actuation of the first
rotatable drive shaft 1110a by the first motor 96 (and by the
rotation of third rotatable drive shaft 94 and the first drive
socket 654 engaged therebetween). Once the function selection
module 1110 is positioned in the first selection position, the
function selection module 1110 causes the rotation driver 202
to be engaged with the second motor 100 (via the fourth
rotatable drive shaft 102 and the second drive socket 694
engaged therebetween), such that operation of the second motor
100 actuates the rotation driver 202. In the embodiment

described herein, the rotation driver 202, when actuated by

the second motor 100 (via the fourth rotatable drive shaft 102
and the second drive socket 694 engaged therebetween), may
operate to rotate the shaft portion 11b about longitudinal
axis D relative to the handle 1103, e.g., to operate a
rotation gear within the handle 1103 so as to rotate the shaft
portion 11b about longitudinal axis D relative to the handle
1103, in addition to performing other operations of the
surgical device 11. The rotation driver 202 may include any

type of drive mechanism capable of rotating the shaft portion
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11b about longitudinal axis D relative to the handle 1103,

e.g., of operating a rotation gear within the handle 1103 so
as to rotate the shaft portion 11b about longitudinal axis D
relative to the handle 1103. The rotation driver 202 may be
situated in the distal portion of the handle 1103 and may
engage the shaft portion 11b for the purposes of moving the
shaft portion 11b relative to the handle 1103. Additional
details of the rotation driver 202, in accordance with an

example embodiment of the present invention, are set forth in

greater detail below.

In an embodiment, a second function that may be performed

by the surgical device 11 is to move the jaw portion 1lla
relative to the shaft portion 11b, e.g., to pivot the jaw
portion 1la about axis B relative to the shaft portion 11b.

To perform this function, the function selection module 1110
may initially be positioned in a second selection position by
the actuation of the first rotatable drive shaft 1110a by the
first motor 96 (and by the rotation of third rotatable drive
shaft 94 and the first drive socket 654 engaged therebetween) .
Once the function selection module 1110 is positioned in the
second selection position, the function selection module 1110
causes the articulation driver 201 to be engaged with the
second motor 100 (via the fourth rotatable drive shaft 102 and
the second drive socket 694 engaged therebetween), such that
operation of the second motor 100 actuates the articulation
driver 201. In the embodiment described herein, the
articulation driver 201, when actuated by the second motor 100
(via the fourth rotatable drive shaft 102 and the second drive
socket 694 engaged therebetween), may operate to move the jaw
portion 1la relative to the shaft portion 11b, e.g., to pivot

the jaw portion 1la about axis B relative to the shaft portion

11b, in addition to performing other operations of the

surgical device 11. The articulation driver 201 may include

any type of drive mechanism capable of the jaw portion 1lla

relative to the shaft portion 11b, e.g., to pivot the jaw
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portion 1lla about axis B relative to the shaft portion 11b.
The articulation driver 201 may be situated in the distal
portion 110la of the shaft portion 11b and may engage the jaw

portion 1la for the purposes of moving the jaw portion 1la

relative to the shaft portion 11b. Additional details of the
articulation driver 201, in accordance with an example
embodiment of the present invention, are set forth in greater
detail below.

In an embodiment, a third function that may be performed
by the surgical device 11 is to move, e.g., open and close by
pivoting or any other conceivable relative movement, the first
jaw 50 relative to the second jaw 80. To perform this
function, the function selection module 1110 may initially Dbe
positioned in a third selection position by the actuation of
the first rotatable drive shaft 1110a by the first motor 96
(and by the rotation of third rotatable drive shaft 94 and the
first drive socket 654 engaged therebetween). Once the
function selection module 1110 is positioned in the third
selection position, the function selection module 1110 causes
the clamping driver 88 to be engaged with the second motox 100
(via the fourth rotatable drive shaft 102 and the second drive
socket 694 engaged therebetween), such that operation of the
gecond motor 100 actuates the clamping driver 88. In the

embodiment described herein, the clamping driver 88, when

actuated by the second motor 100 (via the fourth rotatable
drive shaft 102 and the second drive socket 694 engaged

therebetween), may operate to move, e.g., open and close, the

first jaw 50 relative to the second jaw 80, 1in addition to
performing other operations of the surgical device 11. The
clamping driver 88 may include any type of drive mechanism
capable of moving the first jaw 50 and the second jaw 80
relative to each other. The clamping driver 88 may be
situated at least partially in the proximal end 80b of the
second jaw 80 and may be connected to the proximal end 50b of

the first jaw 50 so as to engage the proximal end 50b of the
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first jaw 50 for opening and closing the first jaw 50 relative
to the second jaw 80. Additional details of the clamping
driver 88, in accordance with an example embodiment of the
present invention, are set forth in greater detail below.

In an embodiment, a fourth function that may be performed
by the surgical device 11 is to move a cutting and/or stapling
element, e.g., to drive a staple pushing element and/or
cutting blade through a section of tissue such as by turning a

threaded drive shaft of the cutting and stapling element 104.

To perform this function, the function selection module 1110
may initially be positioned in a fourth selection position by
the actuation of the first rotatable diive shaft 1110a by the
first motor 96 (and by the rotation of third rotatable drive
shaft 94 and the first drive socket 654 engaged therebetween) .
Once the function selection module 1110 is positioned in the
fourth selection position, the function selection module 1110

causes the firing driver 98 to be engaged with the second

motor 100 (via the fourth rotatable drive shaft 102 and the
second drive socket 694 engaged therebetween), such that
operation of the second motor 100 actuates the second driver
88. In the embodiment described herein, the second driver 88,
when actuated by the second motor 100 (via the fourth
rotatable drive shaft 102 and the second drive socket 6394
engaged therebetween), may.operate to move a cutting and/or
stapling element, e.g., to drive a staple pushing element
and/or cutting blade through a section of tissue, in addition

to performing other operations of the surgical device 11. The

firing driver 98 may include any type of drive mechanism
capable of moving a cutting and/or stapling element, e.g.,

driving a staple pushing element and/or cutting blade through
a section of tissue. The firing driver 88 may be situated
between the proximal end 80b and the distal end 80a of the
second jaw 80 so as to cut and/or staple a section of tissue
disposed between the first jaw 50 and the second jaw 80.

Additional details of the firing driver 98, in accordance with
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an example embodiment of the present invention, are set forth
in greater detail below.

It should be recognized that, while two drive sockets,
e.g., the first drive socket 654 and the second drive socket
694, and two corresponding drive shafts, e.g., the first drive
shaft 94 and the second drive shaft 102, are illustrated as
being part of the surgical device 11 and as being for the
purposes of, e.g., moving and positioning certalin components
of the surgical device 11 relative to other components and/or
clamping, cutting and stapling a section of tissue, it is
posgsible to provide any suitable number of drive sockets and
drive shafts. For example, a single drive shaft, or more than
two drive shafts, may be provided to perxform the above-

described functions of the surgical device 11.
The drive shafts, e.g., the first and second rotatable

drive shafts 94 and 102 and any other drive shafts, may be
housed within a flexible drive shaft, such as the flexible
drive shaft 1620 illustrated in Figure 2(a). Other types of

flexible drive shafts may also be employed. For instance, the
drive shafts may be housed within a flexible driye shaft of

the type described and illustrated in U.S. Patent No. 7,963,433.

Referring to Figqure 2(b), the surgical device 11 may also
include a memory module 6041. In an embodiment, the memory
module 6041 is connected to or integral with the cutting and
stapling element 104. The memory module 6041 is connected to
a data connector 1272 by a data transfer cable 1278.

Additional features of these components are set forth in

connection with, e.g., Figures 3(f) and 7.

Furthermore, Figure 2(b) also illustrates a connection
element 1104. The connection element 1104 may include a quick

connect sleeve 713 that has quick connect slots 713a that
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engage complementary quick connect elements 1664 of a flexible
drive shaft 1620, which is described in further detail below.
In order to retain the quick connect elements 1664 of the
flexible drive shaft 1620 in the quick connect slots 713a of
the quick connect sleeve 713, the connection element 1104 may
also include a spring.

Also, it should be recognized that the motors employed to
drive the first and second rotatable drive shafts 1110a and
1110b may be integral with the surgical device 11. For
example, Figure 2(c) is a schematic diagram that illustrates
an alternative arrangement of the surgical device 11,
according to another example embodiment of the present
invention. In this embodiment, first motor 961 and second
motor 1001 are arranged within the handle 1103, such that the
first and second rotatable drive shafts 1110a and 1110b are
cénnected to the first and second motors S61, 1001,
respectively.

According to an example embodiment of the present

invention, the surgical device 11 may be configured as an

attachment to, or may be integral with, an electro-mechanical
surgical system, such as the electro-mechanical driver
component 1610 having a motor system illustrated in Figure
2(a). It should be appreciated that, in this example
embodiment, any appropriate number of motors may be provided,
and the motors may operate via battery power, line current, a
DC power supply, an electronically controlled DC power supply,
etc. It should also be appreciated that the motors may be
connected to a DC power supply, which is in turn connected to
line current and which supplies the operating current to the

motors. In another example embodiment, the surgical device

may be an attachment to, or may integral with, a mechanical

driver system.
Figure 3(a) is a perspective view of a surgical device

11, according to an embodiment of the present invention. As

set forth above, Figures 3(a) to 3(e) illustrate an embodiment
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of the present invention in which two drive shafts are
configured to be employed to rotate the shaft portion 11b
relative to, and about the longitudinal axis of, the handle
1103; to move, e.g., articulate, the jaw portion 1lla relative
to the shaft portion 11b; to move, e€.g., opéen Or close, the
first jaw 50 relative to the second jaw 80; and to fire a
stapling and cutting cartridge. In the position shown 1in
Figure 3(a), the jaw portion 1la is positioned at an angle of
approximately 60 degrees relative to the shaft portion 11b.
The jaw portion l1lla may be appropriately positioned according
to the incision made in the patient and to the position of the
tissue desired to be clamped, cut and/or stapled.

As set forth above, Figure 3(b) is a side view, partially
in section, that illustrates the handle 1103 of the surgical
device, according to an embodiment of the present invention.
Figure 3(c) is a side perspective view, partially in section,
that illustrates additional features of the handle of the
surgical device, according to the embodiment illustrated 1in
Figure 3(b). Figures 3(d) and 3(e) are side perspective
views, partially in section, that illustrates still further
features of the handle of the surgical device, according to an
embodiment of the present invention.

Referring now to Figure 3(b), it is illustrated that the
handle 1103 includes the first rotatable <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>