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FLEXIBLE SHAFT WITH MULTIPLE FLEXIBLE PORTIONS

ABSTRACT

A surgical device (100) is provided including a control unit (410) having at plurality of steering
members (108) and a flexible elongated guide shaft (106) having a proximal end (101) and a
distal end (103). The distal end (103) of the shaft (106) includes an image sensor (404) and the
proximal end (101) of the shaft (106) is in operable communication with the control unit (410),
and at least one flexible portion (108). The shaft (106) is partitioned into a first segment (106)
and a second segment (114), the first and second segments (106, 114) operably mated at a first
mating point located substantially midway through the shaft (106).
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FLEXIBLE SHAFT WITH MULTIPLE FLEXIBLE PORTIONS

Cross-Reference to Related Applications

[0001] This application claims the benefit of and priority to U.S. Patent Application Nos.
61/777,261, filed March 12, 2013, and 14/147,672, filed January 6, 2014, the entire disclosure

of which is incorporated by reference herein.

Field

[0002] The present disclosure relates to surgical devices and, more particularly, to a

surgical device including a flexible shaft incorporating multiple flexible portions.

Background

[0003] Many surgeons use endoscopic or laparoscopic instruments for remotely accessing
organs through smaller, puncture-like incisions or natural orifices. Minimally invasive surgical
procedures have been developed during which surgical instruments are passed through small
openings in body tissue to access internal surgical sites. Typically, during these procedures, after
an incision has been formed in the body tissue, a cannula defining a lumen is inserted through

the incision and positioned in relation to the surgical site.

[0004] During a laparoscopic procedure, for example, a body cavity is inflated with a
nontoxic insufflation gas to create a working area inside a patient for surgical instruments and to
allow a trocar to penetrate a body cavity without penetrating an organ within the body cavity.
Generally, a plurality of different instruments pass through the cannula to aid the surgeon in

performing the surgical procedure.

[0005] During a typical minimally invasive procedure, surgical objects, such as surgical
access devices (e.g., trocar and cannula assemblies), or endoscopes, are inserted into the
patient’s body through the incision in tissue. In general, prior to the introduction of the surgical
object into the patient’s body, insufflation gas are used to enlarge the area surrounding the target
surgical site to create a larger, more accessible work area. Accordingly, the maintenance of a
substantially fluid-tight seal is desirable so as to prevent the escape of the insufflation gases and

the deflation or collapse of the enlarged surgical site.

AH25(8242805_1):EMW



20 Jan 2014

2014200328

2

[0006] While many types of varieties of cannulas and instruments are known, there exists a
continuing need for instruments that may be easily maneuverable around other instruments to

create a better field of vision for the surgeon.

Object

[0007] It is the object of the present invention to substantially overcome or ameliorate one

or more of the disadvantages of the prior art, or at least provide a useful alternative.

Summary

[0008] In accordance with the present disclosure, a surgical device is provided. The
surgical device includes a control unit having at least two steering members and a flexible
elongated guide shaft having a proximal end and a distal end. The distal end of the shaft
includes an image sensor and the proximal end of the shaft is in operable communication with
the control unit, and at least one flexible portion. The shaft is partitioned into a first segment
and a second segment, the first and second segments operably mated at a first mating point

located substantially midway through the shaft.

[0009] In an embodiment, the image sensor is a camera positioned on a distal end of the
shaft, and the shaft bends or flexes or curves at the mating point. The at least two steering
members may be positioned within the shaft and the at least two steering members may extend

through the shaft from the control unit to the mating point.

[0010] In an embodiment, movement of one steering member actuates the shaft in a first
direction and movement of the other steering member actuates the shaft in a second direction,
the second direction being substantially opposite the first direction. The control unit may
include at least four steering members, where two of the steering members extend through the
shaft from the control unit to the first mating point and the other two members extend through
the shaft from the control unit to a second mating point located in proximity to the image sensor.
The at least four steering members are separated from each other by substantially 90° degrees
and a fifth steering member may be provided for enabling rotational movement of the image

sensor.
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[0011] In an embodiment, the shaft includes a plurality of mating points for enabling
bending of the shaft at each mating point. Additionally, the distal end of the shaft includes a
plurality of image sensors, wherein at least one of the image sensors is independently operable
from the others. The image sensor may be remotely controlled. The control unit may include at
least one feedback mechanism for providing at least one of substantially continuous and
substantially real-time feedback to the control unit. The distal end of the flexible elongated

guide shaft includes at least one illumination source for illuminating a surgical site.

[0012] In accordance with the present disclosure, a surgical device is presented. The
surgical device includes a control unit having at least four steering members and a flexible
elongated guide shaft having a proximal end and a distal end. The distal end of the shaft
includes a camera and the proximal end of the shaft is in operable communication with the
control unit. The shaft is partitioned into three segments, the first and second segments operably
mated at a first bendable mating point, and the second and third segments operably mated at a

second bendable mating point.

[0013] In accordance with the present disclosure, a method of performing a surgical
procedure is presented. The method includes the steps of providing at least two steering
members, positioning an image sensor at a distal end of an elongated guide shaft, the shaft being
in operable communication with the at least two steering members and partitioning the shaft into
a first segment and a second segment, the first and second segments operably mated at a first

mating point located substantially midway through the shaft.

[0014] In accordance with the present disclosure, a method of performing a surgical
procedure is presented. The method includes providing at least four steering members,
positioning an image sensor at a distal end of an elongated guide shaft, the shaft being in
operable communication with the at least four steering members and partitioning the shaft into
three segments, the first and second segments operably mated at a first bendable mating point,

and the second and third segments operably mated at a second bendable mating point.

Brief Description of Drawings

[0015] Various embodiments of the presently disclosed surgical device with camera

assembly are described hereinbelow with references to the drawings, wherein:
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[0016] FIG. 1 is a perspective view of a surgical device having its distal end inserted
through a cannula assembly and into tissue, in accordance with an embodiment of the present

disclosure;

[0017] FIG. 2 is a perspective view of the surgical device of FIG. 1 having its distal end
inserted through the cannula assembly and into tissue, as well as additional devices inserted

through the cannula assembly, in accordance with the present disclosure;

[0018] FIG. 3A is a perspective view of the surgical device in a first, inactivated position, in

accordance with the present disclosure;

[0019] FIG. 3B is a perspective view of the surgical device in a second, activated position,

in accordance with the present disclosure;

[0020] FIG. 4A is a side perspective view of the surgical device illustrating a two-member

configuration, in accordance with the present disclosure;

[0021] FIG. 4B is a cross-sectional view of FIG. 4A at a midpoint of the shaft of the

surgical device, in accordance with the present disclosure;

[0022] FIG. 5A is a side perspective view of the surgical device illustrating a four-member

configuration, in accordance with the present disclosure;

[0023] FIG. 5B is a cross-sectional view of FIG. SA at a midpoint of the shaft of the

surgical device, in accordance with the present disclosure;

[0024] FIG. 6A is a perspective view of the surgical device having the two-member
configuration, where the surgical device is activated in a first, upward direction, in accordance

with the present disclosure;

[0025] FIG. 6B is a perspective view of the surgical device having the two-member
configuration, where the surgical device is activated in a second, downward direction, in

accordance with the present disclosure;
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[0026] FIG. 7 is a perspective view of the surgical device having the four-member
configuration, where the surgical device is activated in at least four directions, in accordance

with the present disclosure;

[0027] FIG. 8 is a perspective view of the surgical device having at least two flexible
portions for enabling bending of at least a portion of the shaft, in accordance with an

embodiment of the present disclosure;

[0028] FIG. 9A is a perspective view of the surgical device having at least two flexible
portions for enabling bending and rotating of at least a portion of the shaft, in accordance with

an embodiment of the present disclosure;

[0029] FIG. 9B is a cross-sectional view of FIG. 9A at one flexible portion of the shaft, in

accordance with the present disclosure; and

[0030] FIGS. 10A and 10B are perspective views of a surgical device having a plurality of
shafts in non-activated and activated positions, in accordance with an embodiment of the present

disclosure.

[0031] Further scope of applicability of the present disclosure will become apparent from
the detailed description given hereinafter. However, it should be understood that the detailed
description and specific examples, while indicating embodiments of the present disclosure, are
given by way of illustration only, since various changes and modifications within the spirit and
scope of the present disclosure will become apparent to those skilled in the art from this detailed

description.

Description of Embodiments

[0032] Certain exemplary embodiments will now be described to provide an overall
understanding of the principles of the structure, function, manufacture, and use of the devices
and methods disclosed herein. One or more examples of these embodiments are illustrated in
the accompanying drawings. Those skilled in the art will understand that the devices and
methods specifically described herein and illustrated in the accompanying drawings are non-
limiting exemplary embodiments and that the scope of the present disclosure is defined solely

by the claims. The features illustrated or described in connection with one exemplary
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embodiment may be combined with the features of other embodiments. Such modifications and

variations are intended to be included within the scope of the present disclosure.

[0033] The principles of the present disclosure are applicable to a variety of surgical access
devices adapted for permitting percutaneous access to a target site. These access devices
include, but are not limited to, trocars and/or cannulas, catheters, hand access devices, scopes,
etc. The present disclosure is contemplated for use in various surgical procedures including,
e.g., laparoscopic, arthroscopic, thoracic, etc. The present disclosure contemplates the
introduction into a body cavity of all types of surgical instruments including clip appliers,
graspers, dissectors, retractors, staplers, laser fibers, photographic devices, endoscopes and
laparoscopes, tubes, and the like. All such objects, and other similar objects, may be referred to

herein as “instrument(s).”

[0034] In the figures and in the description that follows, in which like reference numerals
identify similar or identical elements, the term “proximal” will refer to the end of the apparatus
which is closer to the operator during use, while the term “distal” will refer to the end which is

further from the operator.

[0035] In the example embodiments of the present disclosure, methods and devices are
provided for controlling movement of a working end of a surgical device, and in particular for
performing various surgical procedures using an instrument having an end effector that may be
articulated relative to an elongated guide shaft of the device. In certain embodiments, the end
effector may also optionally rotate relative to the elongated shaft of the device, and/or the shaft
may rotate relative to a handle of the device. Articulation and rotation of the end effector allows
the end effector to be positioned at various locations during a surgical procedure, thereby

providing the user with precise control over the end effector. The end effector may be a camera.

[0036] In an embodiment of the present disclosure, a medical instrument comprising a
flexible shaft slidably housed in a flexible sheath is provided, the instrument including an image
sensor (e.g., a camera) carried on a distal end portion of the instrument. The insertable portion
of the sheath may comprise a flexible polymer tube. Flexibility of the sheath may be obtained in
any number of ways. For example, the sheath may be made of a flexible material, and/or the
sheath may be comprised of a number of segments, and/or the sheath may have portions of

material removed from it, for example as grooves, to increase flexibility. The instrument may
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include a functional element disposed on the distal end of the shaft. In the instrument, at least
one activation mechanism may be carried along a length of the instrument and may be
operatively coupled to the instrument so as to allow a user to control the deflection of at least a
distal portion of the instrument. In the instrument, an activation mechanism may be slidably
disposed in a channel along at least a portion of the length of the sheath. The instrument may
include at least one pullable member, such as a cable, that has a distal portion operatively
coupled to a distal end portion of the instrument and a proximal end portion operatively coupled
to a tension mechanism at the proximal end of the instrument, the tension mechanism being

controllable by a user to cause at least a distal end of the instrument to deflect.

[0037] Reference will now be made in detail to embodiments of the present disclosure.
While certain embodiments of the present disclosure will be described, it will be understood that
it is not intended to limit the embodiments of the present disclosure to those described
embodiments. To the contrary, reference to embodiments of the present disclosure is intended
to cover alternatives, modifications, and equivalents as may be included within the spirit and

scope of the embodiments of the present disclosure as defined by the appended claims.

[0038] Referring to FIGS. 1-7, surgical device system 100 generally includes a shaft 106
having a proximal end 101 and a distal end 103. The proximal end 101 of the shaft 106 includes
a handle assembly 102 having an insufflation tube 104. The shaft 106 includes at least one
flexible member 108. Flexibility of flexible member 108 may be obtained in any number of
ways. For example, member 108 may be made of a flexible material, and/or may be comprised
of a number of segments, and/or may have portions of material removed from it, for example as
grooves, to increase flexibility. The flexible member 108 may be positioned substantially
midway through the shaft 106. The flexible member 108 may be positioned substantially closer
to the distal end than the proximal end of the device, or vice versa. In an embodiment, the entire
shaft 106 is substantially a flexible member 108. The distal end 103 of the shaft 106 is
insertable through a cannula housing 110 having an access member 112. Tip 114 of the shaft
106 extends through the cannula housing 110 and through the access member 112. The access

member 112 penetrates tissue 116 of a surgical worksite 118.

[0039] FIG. 1 illustrates the surgical device system 100 having its distal tip 114 inserted
through the cannula housing 110 and access member 112, and into tissue 116 of a worksite 118.

FIG. 2 illustrates the surgical device system 200 having its distal tip 114 inserted through the
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cannula housing 110 and access member 112 and into tissue 116, as well as an additional device
202 inserted through the cannula housing 110 and the access member 112, so that the distal tip
204 of the additional device 202 is inserted into the worksite 118. It is contemplated that a
plurality of surgical devices may be inserted through the cannula housing 110 and access
member 112 and into tissue 116. Such surgical devices may include at least laparoscopes,
endoscopes, graspers, scissors, dissectors, retractors, forceps, staplers, clip appliers, light guides,
trocars, video systems, surgical robots, and any other type of minimally invasive surgical

instrument.

[0040] FIG. 3A illustrates the surgical device systems 100, 200 of FIGS. 1 and 2 in a first,
inactivated position 300A, whereas FIG. 3B illustrates the surgical device systems 100, 200 of
FIGS. 1 and 2 in a second, activated position 300B. In the first position 300A, the shaft 106 is
configured to be in a straight configuration, whereas in the second position 300B, the shaft 106
is configured to be in a bent or curved configuration. The bend occurs at the flexible member
108. The flexible member 108 may be positioned substantially midway through the shaft 106.
However, one skilled in the art may contemplate positioning the flexible member 108 on any
substantially distal, proximal or midway point across the length of the shaft 106. One skilled in
the art may contemplate using a plurality of flexible members across the length of the shaft 106,
as described below with reference to FIGS. 8 and 9A. It is also contemplated that the device
may include a plurality of flexible members 108, each having a different degree of flexibility
and permitting a different degree of bending of the shaft 106. For example, one flexible
member positioned closer to the proximal end of the device may be more flexible than a second
flexible member positioned closer to the distal end of the device, thus permitting the shaft to
bend to a greater degree closer to the proximal end of the device. The reverse is also

contemplated.

[0041] Additionally, the portions or segments to the left and right of the flexible member
108 are flexible or bendable. The segments 106, 114 may bend in relation to the bend of the
flexible member 108. However, the segments 106, 114 may bend independently of the bend of
the flexible member 108. One skilled in the art may contemplate a plurality of different bends
across the length of each segment 106, 114. One skilled in the art may also contemplate a
plurality of different cabling mechanisms for activating the multiple bends across the length of

each segment 106, 114.
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[0042] Referring to FIG. 4A, a side perspective view 400A of a portion of the surgical

device systems 100, 200 of FIGS. 1 and 2 illustrating a two-member configuration is presented.

[0043] FIG. 4A depicts a shaft portion 402 adapted to include a camera 404 at its distal end.
The proximal end of the shaft portion 402 includes a flexible member 420. The flexible member
420 is actuated by an activation mechanism 410. The activation mechanism 410 includes a first
steering member, cable 406 and a second steering member, cable 408. The first member 406
may be substantially diametrically opposed with respect to the second member 408. The first
member 406 and the second member 408 commence from the handle assembly 102 (see FIGS. 1
and 2) and terminate substantially at the midpoint of the shaft 402 incorporating the flexible
member 420. The first and second members 406 and 408 may operatively cooperate with the
activation mechanism 410 to distally move, angularly manipulate, rotate or deflect the distal
shaft portion 402 having the camera 404. It is envisioned that the steering member may be a

cable, or a bar, or any other well-known device capable of communicating motion.

[0044] The activation mechanism 410 may include a pneumatic actuation system (not
shown). In an embodiment, a pneumatic actuation system is combined with an electrical control
system (not shown) to pneumatically actuate the instruments 100, 200 of FIGS. 1 and 2, and
electrically control the flow rate in the pneumatic system. An actuator may be employed to
electrically control the pressurization of the pneumatic system. Reference may be made to
commonly owned U.S. Patent No. 7,481,347 to Roy filed on March 23, 2005 and commonly
owned U.S. Patent No. 8,181,837 to Roy filed on January 5, 2009, both entitled “Pneumatic
Powered Surgical Stapling Device,” the entire contents of which are both incorporated herein by
reference, for a detailed discussion of the construction and operation of exemplary pneumatic

actuation systems.

[0045] The control system may receive pressurized gas or fluid from a source and produce
an electrical output to actuate an element of the instrument employing at least one electrical
component or element. The control system may be employed to control elements of a surgical
cutting and fastening device and/or a camera. The cutting and fastening elements and/or camera
may be pneumatically operable by a controller. Thus, the actuation of a pneumatic cylinder may
be controlled with a pressurized gas and a controller. The controller controls the rate at which
the pressurized gas is released within the pneumatic system. The controller may be employed to

control one or more flow control elements such as solenoids, piezoelectric actuators, or electric
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motors. These flow control elements may be employed to open and close valves and other
closure mechanisms to control the rate of discharge of the pressurized gas into the actuation
cylinder. Additional flow control elements may be employed to release the pressurized gas at a

variable rate. The embodiments are not limited in this context.

[0046] As used herein, the term, “pressurized gas” refers to any gas suitable for use in
pneumatically powered systems employed in a sterile environment. Non-limiting examples of
such mediums include compressed air, carbon dioxide (CO2), Nitrogen, Oxygen, Argon,
Helium, Sodium Hydride, Propane, Isobutane, Butane Chlorofluorocarbons, Dimethyl ether. It

is also envisioned that other fluids or liquids may be utilized.

[0047] In an embodiment, a pneumatically powered instrument comprises electrical
feedback capabilities. The pneumatically powered instrument may be integrated with a
feedback module. The feedback module may be self-contained and adapted to connect to a
plurality of contacts disposed throughout the instrument, an electrical circuit element, and a
plurality of indicators. The feedback system, indicators, sensors, and controls may be
electrically powered and controlled from a remote location. The embodiments are not limited in

this context.

[0048] The handle assembly 102 (see FIGS. 1 and 2) may supply a support for controls,
such as the activation mechanism 410. Activation mechanism 410 provides for a method of
controlling the angular deflection of the distal end of the shaft 402 to manipulate the direction of
the camera 404. Activation mechanism 410 may include one or more levers, slides, triggers, or
similar controls, each attached to at least one deflection member, for example a pull wire, cable
or other means for communicating motion from first and second members 406, 408 to the distal
end of shaft 402. Extending or retracting first and second members 406, 408 pushes or pulls
activation mechanism 410, which slidably extends lengthwise through a proximal end of shaft

402 to one or more points of attachment.

[0049] It is also envisioned that the device may include an electromechanical system for
controlling the angular deflection of the distal end of the shaft 402 to manipulate the direction of
the camera 404. For example, an electronic signal may be sent from the handle assembly 102,

down the shaft, for example via wires, to initiate motion in camera 404.
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[0050] FIG. 4B is a cross-sectional view 400B of the shaft 402 at the flexible member 420.
The activation mechanism 410 is substantially centrally disposed within the shaft 402. The first
and second members 406, 408 may be located within the shaft and may be substantially
diametrically opposed with respect to each other. Of course, one skilled in the art may
contemplate a plurality of different positional configurations for the members 406, 408 and the
activation mechanism 410. It is envisioned that there may be any number of members and that

the members may be operable independent of each other or simultaneously.

[0051] Referring to FIG. 5A, a side perspective view 500A of a portion of the surgical
device systems 100, 200 illustrating a four-member configuration is presented. The components
of FIG. 5A operate similarly to the components of FIG. 4A. However, in contrast to FIG. 4A,

FIG. 5A illustrates a four-member configuration.

[0052] For example, FIG. 5A depicts a shaft portion 502 adapted to include a camera 504 at
its distal end. The proximal end of the shaft portion 502 includes a flexible member 520. The
flexible member 520 is actuated by an activation mechanism 514. The activation mechanism
514 includes a first steering member, cable 506, a second steering member, cable 508, a third
steering member, cable 510, and a fourth steering member, cable 512. The first member 506
may be substantially diametrically opposed with respect to the second member 508 and the third
member 510 may be substantially diametrically opposed to fourth member 512. The first
member 506, the second member 508, the third member 510, and the fourth member 512
commence from the handle assembly 102 (see FIGS. 1 and 2) and terminate at the midpoint of
the shaft 502 incorporating the flexible member 520. The first, second, third, and fourth
members 506, 508, 510, and 512 operatively cooperate with the activation mechanism 514 to
angularly manipulate the distal shaft portion 502 having the camera 504. The activation
mechanism 514 may be a pneumatic actuation system, as described above with reference to FIG.

4A.

[0053] FIG. 5B is a cross-sectional view 500B of the shaft 502 at the flexible member 520.
The activation mechanism 514 is centrally disposed within the shaft 502. The first and second
members 506, 508 are substantially diametrically opposed with respect to each other, as are the
third and fourth members 510, 512. Of course, one skilled in the art may contemplate a plurality
of different positional configurations for the members 506, 508, 510, 512 and the activation

mechanism 514.
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[0054] Therefore, at the distal end, an electronic imaging system adapted to acquire an
image in a restricted space, such as an internal body cavity or interstitial space is provided. This
imaging system, which may be essentially a small video camera 404, 504, is based on a pixilated
image sensor such as a Charge Coupled Device (CCD), a Complementary Metal Oxide
Semiconductor (CMOS) image sensor, or on a similar analog or digital sensor disposed at or
near the distal end of the shaft or sheath constructions. The imaging system typically further
comprises one or more optical elements for transmitting an image to the active surface of the
image sensor. Such elements may include a protective optical window, objective optics to focus
the image on the sensor, and one or more prisms or mirrors to redirect the optical axis by a
predetermined angle, alone or in any combination. The imaging system typically further
comprises supporting electronics and conductors, for example, to interpret control signals and to

transmit image signals to onboard or external equipment.

[0055] Referring to FIGS. 6A and 6B, a perspective view 600A of the surgical device
having the two-member configuration, where the surgical device is activated in a first, upward
direction and a perspective view 600B of the surgical device having the two-member
configuration, where the surgical device is activated in a second, downward direction, are

presented, respectively.

[0056] For example, when the first member 406 (see FIG. 4A) is activated by the activation
mechanism 410, the distal end 114 of the shaft 106 may bend upward, as shown by arrow “A,”
in FIG. 6A. When the second member 408 (see FIG. 4A) is activated by the activation
mechanism 410, the distal end 114 of the shaft 106 may bend downward, as shown by arrow
“B,” in FIG. 6B. As aresult, the direction of the camera 404 (see FIG. 4A) may be angularly
manipulated by the activation mechanism 410 and the push/pull of first and second members

406, 408.

[0057] Referring to FIG. 7, a perspective view 700 of the surgical device having the four-
member configuration, where the surgical device is activated up to four directions, or more, is

presented.

[0058] For example, when the first member 506 (see FIG. SA) is activated by the activation
mechanism 514, the distal end 114 of the shaft 106 may bend upward, as shown by arrow “A” in
the ghost view 114A. When the second member 508 (see FIG. 5A) is activated by the activation
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mechanism 514, the distal end 114 of the shaft 106 may bend downward, as shown by arrow
“C” in the ghost view 114C. When the third member 510 (see FIG. SA) is activated by the
activation mechanism 514, the distal end 114 of the shaft 106 may bend toward the left, as
shown by arrow “B” in the ghost view 114B. When the fourth member 512 (see FIG. 5A) is
activated by the activation mechanism 514, the distal end 114 of the shaft 106 may bend toward
the right, as shown by arrow “D” in the ghost view 114D. As a result, the direction of the
camera 504 (see FIG. 5A) may be angularly manipulated by the activation mechanism 514 and

the first, second, third, and fourth members 506, 508, 510, and 512.

[0059] Additionally, the portions or segments to left and right of the flexible member 108
are flexible or bendable. The segments 106, 114A, B, C, D may bend in relation to the bend of
the flexible member 108. However, the segments 106, 114A, B, C, D may bend independently
of the bend of the flexible member 108. One skilled in the art may contemplate a plurality of
different bends across the length of each segment 106, 114A, B, C, D. One skilled in the art
may also contemplate a plurality of different cabling mechanisms for activating the multiple
bends across the length of each segment 106, 114A, B, C, D. The multiple bends may bend or

flex independently of one another or simultaneously.

[0060] Referring to FIG. 8, a perspective view of the surgical device having at least two
flexible portions for enabling bending of the shaft, in accordance with an embodiment of the

present disclosure is presented.

[0061] The distal end 800 of the surgical device systems 100, 200 of FIGS. 1 and 2 is

illustrated, where the shaft 802 is positioned between a first flexible member 804 and a second
flexible member 806. The first flexible member 804 is positioned approximately at a midpoint
on the shaft 802, whereas the second flexible member 806 is positioned on the distal end of the

shaft 802, adjacent to or in the vicinity of the camera 808.

[0062] In FIG. 8, two members terminate at the first flexible member 804 and two members
terminate at the second flexible member 806. For example, a first member 8§10 and a second
member 8§12 may terminate at the first flexible member 804, whereas a third member 814 and a
fourth member 816 may terminate at the second flexible member 806. The first member 8§10
allows the shaft 802 to maneuver in an upward direction, “A,” and/or a downward direction “C,”

whereas the second member 812 allows the shaft 802 to maneuver in a left direction, “B,”
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and/or a right direction, “D,” at a substantially midway point of the shaft 802. The third
member 814 allows the shaft 802 to maneuver at a distal end in a left direction, “B’” and the
fourth member 816 allows the shaft 802 to maneuver at a distal end in a right direction, “A’.”
Manipulation of multiple members may permit the shaft to maneuver in any combination of

these directions, for example an upward and left direction.

[0063] Thus, the first and second members 810, 812 maneuver the shaft 802 at the first
flexible member 804 and the third and fourth members maneuver the shaft 802 at the second
flexible member 806. The first flexible member 804 may be controlled at a midpoint of the
shaft 802, whereas the second flexible shaft may be controlled at a distal end of the shaft 802 in
order to control the direction of camera 808. As seen in FIG. 8, the distal end 820 of the third
member 814 and the distal end 822 of the fourth member §16 terminate at the second flexible
member 806 adjacent the camera 808. The first, second, third, and fourth members 810, 812,
814, 816 may be controlled by an activation mechanism 818. The activation mechanism 818
may extend at least a portion of the shaft 802. Exemplary activation mechanisms have been

described above with reference to FIGS. 4A and 5A.

[0064] FIG. 9A is similar to FIG. 8A. However, in contrast to FIG. 8A, FIG. 9A includes
an additional member extending to the distal end of the shaft for enabling rotational movement

of the camera.

[0065] The distal end 900A of the surgical device systems 100, 200 of FIGS. 1 and 2 is

illustrated, where the shaft 902 is positioned between a first flexible member 904 and a second
flexible member 906. The first flexible member 904 is positioned approximately at a midpoint
on the shaft 902, whereas the second flexible member 906 is positioned on the distal end of the

shaft 902, adjacent or in the vicinity of the camera 908.

[0066] In FIG. 9A, two members terminate at the first flexible member 904 and two
members terminate at the second flexible member 906. For example, a first member 910 and a
second member 912 may terminate at the first flexible member 904, whereas a third member
914 and a fourth member 916 may terminate at the second flexible member 906. The first
member 910 allows the shaft 902 to maneuver in an upward direction, “A,” and/or a downward
direction “C,” whereas the second member 912 allows the shaft 902 to maneuver in a left

direction, “B,” and/or a right direction, “D,” at a substantially midway point of the shaft 902.
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The third member 914 allows the shaft 902 to maneuver at a distal end in a left direction, “B’”
and the fourth member 916 allows the shaft 902 to maneuver at a distal end in a right direction,

((ﬁ”’

[0067] Thus, the first and second members 910, 912 maneuver the shaft 902 at the first
flexible member 904 and the third and fourth members maneuver the shaft 902 at the second
flexible member 906. The first flexible member 904 may be controlled at a midpoint of the
shaft 902, whereas the second flexible shaft may be controlled at a distal end of the shaft 902 in
order to control the direction of camera 908. As seen in FIG. 9A, the distal end 920 of the third
member 914 and the distal end 922 of the fourth member 916 terminate at the second flexible
member 906 adjacent the camera 908. Additionally, a fifth member 924 may extend the length
of the shaft 902 and terminate at the second flexible member 906. The fifth member 924 may be

used to control the rotation of the camera 908.

[0068] The first, second, third, fourth, and fifth members 910, 912, 914, 916, 924 may be
controlled by an activation mechanism 918. The activation mechanism 918 may extend at least
a portion of the shaft 902. Example activation mechanisms have been described above with

reference to FIGS. 4A and 5A.

[0069] FIG. 9B illustrates a cross sectional view 900B of the shaft 902 at the second
flexible member 906. The cross-sectional view 900B illustrates the positioning of the members,
as well as the positioning of the camera 908. Of course, one skilled in the art may contemplate
a plurality of different positional configurations for the members 910, 912, 914, 916 and the

activation mechanism 918 and the camera 908.

[0070] Referring to FIGS. 10A and 10B, in another example embodiment, perspective
views 1000A, 1000B of a surgical device having a plurality of shafts in non-activated and

activated positions is presented.

[0071] In an inactivated position 1000A, the surgical device 1010 includes a first shaft 1012
and a second shaft 1014. The first shaft 1012 includes a flexible member 1022 and a distal end
1032 including a first camera 1042. The second shaft 1014 includes a flexible member 1024
and a distal end 1034 including a first sensor or camera 1044. In an activated position 1000B,
the first shaft 1012 may bend at the flexible member 1022 in a first direction “B,” whereas the
second shaft 1014 may bend at the flexible member 1024 in a second direction “A.” The shafts
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1012, 1014 may be spaced apart from each other or may be substantially adjacent to each other.
In an embodiment, the shafts 1012, 1014 are positioned directly next to each other. One skilled
in the art may contemplate positioning a plurality of different shafts in a number of

configurations, where at least one shaft includes a camera at its distal end.

[0072] In summary, the disclosed embodiments of the present disclosure may help provide
an effective surgical device that enhances the maneuvering of cameras within the surgical

worksite.

[0073] It will be understood that there are to be no limitations as to the dimensions and
shape of the shaft and/or members and/or cameras or the materials from which the shaft and/or
members and/or cameras are manufactured or the electronics that may be used to run such a
camera assembly. It is to be realized that the optimum dimensional relationships for the parts of
the present disclosure, to include variations in size, materials, shape, form, function and manner
of operation, assembly and use, are deemed readily apparent and obvious to one skilled in the
art, and all equivalent relationships to those illustrated in the drawings and described in the

specification are intended to be encompassed by the present disclosure.

[0074] From the foregoing and with reference to the various figure drawings, those skilled
in 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 is not intended that the disclosure be limited thereto, as it is
intended 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 present disclosure.
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CLAIMS

1. A surgical device comprising:

a control unit having at least two steering members; and

an elongated guide shaft having a proximal end and a distal end, the distal end of the shaft
including an image sensor and the proximal end of the shaft being in operable communication
with the control unit, and at least one flexible portion;

wherein the shaft is partitioned into a first segment and a second segment, the first and
second segments operably mated at a first mating point located substantially midway through the

shaft.

2. The surgical device according to Claim 1, wherein the image sensor is a camera.

3. The surgical device according to Claim 1, wherein the shaft bends at the first mating point.

4. The surgical device according to Claim 1, wherein the at least two steering members are

positioned within the shaft.

5. The surgical device according to Claim 1, wherein the at least two steering members

extend through the shaft from the control unit to the first mating point.

6.  The surgical device according to Claim 1, wherein movement of one steering member
actuates the shaft in a first direction and movement of the other steering member actuates the

shaft in a second direction, the second direction being substantially opposite the first direction.

7. The surgical device according to Claim 1, wherein the control unit includes at least four
steering members, where two of the steering members extend through the shaft from the control
unit to the first mating point and the other two members extend through the shaft from the

control unit to a second mating point located in proximity to the image sensor.

8.  The surgical device according to Claim 7, wherein the at least four steering members are

separated from each other by substantially 90° degrees.

9.  The surgical device according to Claim 7, wherein a fifth steering member is provided for

enabling rotational movement of the image sensor.
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10. The surgical device according to Claim 1, wherein the shaft includes a plurality of mating

points for enabling bending of the shaft at each mating point.

11. The surgical device according to Claim 1, wherein the distal end of the shaft includes a
plurality of image sensors, wherein at least one of the image sensors is independently operable

from the others.

12.  The surgical device according to Claim 1, wherein the image sensor is remotely controlled.

13. The surgical device according to Claim 1, wherein the control unit includes at least one
feedback mechanism for providing at least one of substantially continuous and substantially real-

time feedback to the control unit.

14. The surgical device according to Claim 1, wherein the distal end of the flexible elongated

guide shaft includes at least one illumination source for illuminating a surgical site.

15. A surgical device comprising:

a control unit having at least four steering members; and

a flexible elongated guide shaft having a proximal end and a distal end, the distal end of
the shaft including a camera and the proximal end of the shaft being in operable communication
with the control unit;

wherein the shaft is partitioned into three segments, the first and second segments operably
mated at a first bendable mating point, and the second and third segments operably mated at a

second bendable mating point.

16. The surgical device according to Claim 15, wherein the first bendable mating point is
located at a midpoint of the shaft and the second bendable mating point is located at the distal

end of the shaft in a vicinity of the camera.

17. The surgical device according to Claim 15, wherein the at least four steering members are

separated from each other by substantially 90° degrees.
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18.  The surgical device according to Claim 15, wherein the two steering members extend
through the shaft from the control unit to the first bendable mating point and the other two
steering members extend through the shaft from the control unit to the second bendable mating

point.

19.  The surgical device according to Claim 15, wherein a fifth steering member is provided for

enabling rotational movement of the camera.

20. The surgical device according to Claim 15, wherein the distal end of the shaft includes a
plurality of cameras, wherein at least one of the cameras is independently operable from the

others.

Covidien LP
Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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