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BEARING ASSEMBLY FOR INSTRUMENT

This application claims priority to U.S. Provisional Patent Application
No. 61/414,854 filed November 17, 2010, the contents of which are incorporated

herein by reference.

DESCRIPTION OF THE INVENTION

Field of the Invention

[001] Embodiments of the invention include medical instruments and more
particularly bearing assemblies for medical instruments and related methods of use.

Background of the Invention

[002] Minimally invasive surgical instruments, such as endoscopic and
laparoscopic devices, can provide access to surgical sites while minimizing patient
trauma. Although the growing capabilities of such therapeutic and diagnostic
devices allow physicians to perform an increasing variety of surgeries through
traditional minimally invasive routes, further refinements may allow surgical access
through even less invasive routes. Currently some robotic systems have been
proposed to allow surgical access via a natural orifice. The user interface is remote
from surgical instruments and/or end effectors. Unfortunately, these systems are
generally expensive and complicated. In addition, they fail to provide the tactile user
feedback that traditional devices can provide. Accordingly, there is room for further
refinement to conventional minimally invasive surgical devices and a need to
develop new surgical systems.

[003] Itis to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not

restrictive of the invention.

SUMMARY OF THE INVENTION

[004] According to an embodiment, a system for guiding an instrument may
include a frame and a bearing assembly supported by the frame. The bearing
assembly may include an outer tubular member supported by the frame and
including a proximal end and a distal end. The bearing assembly may also include a
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bearing at least partially disposed within at least one of the proximal end and the
distal end of the outer tubular member. The channel may extend through the outer
tubular member and the bearing.

[005] According to another embodiment, a system for guiding an instrument
may include a frame and an elongate member supported by the frame. The
elongate member may include a proximal end and a distal end. The system may
also include a bearing assembly supported by the frame and including a channel for
receiving the instrument. The channel may extend between a proximal end of the
bearing assembly and a distal end of the bearing assembly. At least a portion of the
proximal end of the elongate member may be inserted into the distal end of the
bearing assembly.

[006] According to yet another embodiment, a system for guiding an
instrument may include a frame including a bearing support. The system may also
include a bearing assembly supported by the bearing support and including a
channel for receiving the instrument. The channel may extend between a proximal
end of the bearing assembly and a distal end of the bearing assembly. The system
may further include a drive mechanism connected to the bearing support and
configured to drive at least one of the instrument or the bearing assembly axially.

[007] According to a further embodiment, a method for guiding an
instrument may include supporting a bearing assembly and an elongate member on
a frame. The bearing assembly may be positioned at an angle relative to a proximal
end of the elongate member. The method may also include connecting a distal end
of the bearing assembly to the proximal end of the elongate member, and inserting
the instrument through the bearing assembly and through the elongate member.

[008] Additional objects and advantages of the invention will be set forth in
part in the description which follows, and in part will be obvious from the description,
or may be learned by practice of the invention. The objects and advantages of the
invention will be realized and attained by means of the elements and combinations
particularly pointed out below.

[009] Itis to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are not

restrictive of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[010] The accompanying drawings, which are incorporated in and constitute
a part of this specification, illustrate several embodiments of the invention and
together with the description, serve to explain the principles of the invention.

[011] Fig. 1 is a perspective view of a proximal end of an endoscopy system
including an elongate member, a pair of bearing assemblies, and a pair of
instruments, according to an exemplary embodiment;

[012] Fig. 2 is a schematic view of a distal end of an endoscopy system,
according to an exemplary embodiment;

[013] Fig. 3 is a top view of the elongate member, bearing assemblies, and
instruments of Fig. 1;

[014] Fig. 4 is a top view of an elongate member, a bearing assembly, and
an instrument of an endoscopy system, according to another exemplary
embodiment;

[015] Fig. 5 is an exploded view of one of the bearing assemblies of Fig. 1;

[016] Fig. 6 is a perspective view of an outer tubular member of the bearing
assembly of Fig. 5;

[017] Fig. 7 is a distal end view of the outer tubular member of Fig. 6;

[018] Fig. 8 is a cross-sectional side view of the outer tubular member of
Fig. 6;

[019] Fig. 9 is a perspective view of a bearing of the bearing assembly of
Fig. 5;

[020] Fig. 10 is a distal end view of the bearing of Fig. 9;

[021] Fig. 11 is a cross-sectional side view of the bearing of Fig. 9;

[022] Fig. 12 is a perspective view of a guide member of the bearing
assembly of Fig. 5;

[023] Fig. 13 is a top view of the guide member of Fig. 12,

[024] Fig. 14 is a cross-sectional side view of the guide member of Fig. 12;

[025] Fig. 15 is a cross-sectional distal end view of the guide member of
Fig. 12;

[026] Fig. 16 is a distal end view of the guide member of Fig. 12;

[027] Fig. 17 is an exploded view of a frame and a pair of bearing
assemblies of an endoscopy system, according to another exemplary embodiment;
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[028] Fig. 18 is a perspective view of the frame and the bearing assemblies
of Fig. 17,

[029] Fig. 19 is a perspective view of an elongate member inserted into a
bearing assembly, according to an exemplary embodiment;

[030] Fig. 20 is a perspective view of an elongate member inserted into a
bearing assembly, according to another exemplary embodiment;

[031] Fig. 21 is a perspective view of a bearing support and a bearing
assembly, according to an exemplary embodiment;

[032] Fig. 22 is a perspective view of a bearing support and a bearing
assembly, according to another exemplary embodiment;

[033] Fig. 23 is a perspective view of a bearing support and a bearing
assembly, according to a further exemplary embodiment;

[034] Fig. 24 is a perspective view of a frame and various interchangeable
bearing assemblies of the endoscopy system of Fig. 18;

[035] Fig. 25 is a cross-sectional side view of a locking mechanism for
locking an instrument with respect to a bearing assembly, according to an exemplary

embodiment;
[036] Fig. 26 is a cross-sectional side view of a locking mechanism for

locking an instrument with respect to a bearing assembly, according to another
exemplary embodiment;

[037] Fig. 27 is a perspective view of a proximal end of an endoscopy
system including a pair of bearing assemblies and a pair of instruments, according to
another exemplary embodiment;

[038] Fig. 28 is a perspective view of a bearing assembly, according to a
further exemplary embodiment; and

[039] Fig. 29 is a perspective view of a proximal end of an endoscopy
system including a pair of bearing assemblies and a pair of instruments, according to

another exemplary embodiment.

ESCRIPTION OF THE EMBODIMENTS

[040] Reference will now be made in detail to exemplary embodiments of
the invention, examples of which are illustrated in the accompanying drawings.
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Wherever possible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[041] The terms “proximal” and “distal” are used herein to refer to the
relative positions of the components of the exemplary endoscopy system 10. When
used herein, “proximal’” refers to a position relatively closer to the exterior of the body
or closer to the surgeon using the endoscopy system 10. In contrast, “distal” refers
to a position relatively further away from the surgeon using the endoscopy system 10
or closer to the interior of the body.

[042] In addition, while the discussion of systems and methods below may
generally refer to “surgical instruments,” “surgery,” or a “surgical site” for
convenience, the described systems and their methods of use are not limited to
tissue resection and/or repair. In particular, the described systems may be used for
inspection and diagnosis in addition, or as an alternative, to surgical treatment. The
treatment is not limited to any particular treatment. Various other exemplary
treatment devices and methods are referred to herein. Moreover, the systems
described herein may perform non-medical applications such as in the inspection
and/or repair of machinery.

[043] Figs. 1 and 2 depict an exemplary endoscopy system 10 that may be
used for any therapeutic or diagnostic endoscopic procedure and the components
thereof. The phrase “endoscopic procedure” is broadly used to indicate any medical
procedure that may be performed by inserting an endoscope, guide tube, catheter,
or any other medical device into the body through any anatomic opening. The
endoscopy system 10 may be used for performing surgery at a relative distance via
medical instruments including or directly connected to user controls. The endoscopy
system 10 may be adapted for trans-oral, trans-anal, trans-vaginal, trans-urethral,
trans-nasal, transluminal, laparoscopic, thorascopic, orthopedic, through the ear,
and/or percutaneous access. For example, the components of the endoscopy
system 10 described below may be made of any suitable material capable of being
inserted into the body, e.g., a suitable biocompatible material.

[044] The endoscopy system 10 includes a proximal end 14 (Fig. 1) and a
distal end 12 (Fig. 2). At the proximal end 14, the endoscopy system 10 may include
a frame 20 for supporting and positioning various components of the endoscopy
system 10, such as an elongate member 40 (e.g., a guide tube), one or more
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instruments 60, and one or more bearing assemblies 100 that guide and/or support
the instruments 60 as described below.

[045] The frame 20 may have a variety of configurations depending on
patient location, spacing, ergonomics, user preference, and/or the availability of
operating table space. As shown in Fig. 1, the frame 20 may include a platform 22
that may include a generally planar (e.g., horizontal) surface supported by an
adjustable leg 24 or other type of support that may rest on or may be attached to,
e.g., the floor, an operating table surface or rail, or other surface or rail. The
adjustable leg 24 may include a hinge 24a, a telescoping section (not shown), a
sliding member 24b that may be locked in place at desired positions, or other device
configured to modify the position, configuration, and/or orientation (translational,
rotational, etc.) of the platform 22 and/or other components of the frame 20 with
respect to the ground, an operating table, or other base surface.

[046] The frame 20 may further include an adjustable arm 26 (Figs. 17 and
18) for supporting an endoscope (not shown) or other component of the endoscopy
system 10. The adjustable arm 26 may be supported by the platform 22 and may
include a hinge 26a, a pivotal connection 26b, a telescoping section (not shown), a
sliding member (not shown) that may be locked in place at desired positions, or other
device configured to modify the position, configuration, and/or orientation
(translational, rotational, etc.) of the endoscope or other component with respect to
the platform 22.

[047] Asshown in Fig. 1, the frame 20 may also include an elongate
member support 28 for supporting the elongate member 40. The elongate member
support 28 may be supported by the platform 22 and may include a slot or surface,
e.g., with a generally U-shaped cross-section, to receive and support the elongate
member 40. The frame 20 may also include an adjustment mechanism configured to
adjust the position (translational, rotational, etc.) of the elongate member support 28
with respect to the platform 22 and/or may include a locking mechanism to lock the
elongate member support 28 in place with respect to the platform 22 or to lock the
elongate member 40 within the elongate member support 28.

[048] The elongate member 40 includes at least one distal end 42 (Fig. 2),
and at least one proximal end 44a-44c (Figs. 1, 18, and 19). As shown in Fig. 1, the
exemplary elongate member 40 branches into proximal ends 44a-44c. As shown,
proximal ends 44a-b can diverge to mate with the distal ends of bearing assemblies
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100. In other embodiments, bearing assembly 100 could include an angled distal
end configured to engage a non-diverging proximal end of elongate member 40.
Bearing assembly 100 and elongate member 40 can be variously mated to provide
for movement of instrument 60 between the two structures.

[049] In some embodiments, two proximal ends 44a-c can connect to
respective bearing assemblies 100. One proximal end 44a-c can extend proximally
between the bearing assemblies 100, and may include a port for receiving an
endoscope, colonscope, or other instrument (not shown), which may be supported
by the adjustable arm 26. One proximal end 44a-c can include a port, e.g., for
injecting fluids, insufflation, inserting an additional instrument, etc. As shown in Fig.
2, the exemplary elongate member 40 includes one distal end 42. Alternatively, the
elongate member 40 may include more than one distal end 42, e.g., to separately
position two instruments 60 at different locations within a patient.

[050] The elongate member 40 may include at least one channel 46 (Fig. 2)
extending substantially longitudinally (axially) within the elongate member 40,
generally between the distal end(s) 42 and the proximal end(s) 44a-44c of the
elongate member 40. For example, elongate member 40 could include a first
channel configured to receive a first instrument and a second channel configured to
receive a second instrument. As shown in Figs. 1 and 2, proximal ends 44a-44c of
the exemplary elongate member 40 may include channels that connect to a single
channel 46 that extends along the length of the elongate member 40 and forms an
opening in the single distal end 42. Thus, separate instruments may be inserted
through the respective proximal ends 44a-44c, advanced through the same channel
46 in the elongate member 40, and through the opening shown in Fig. 2 formed by
the channel 46 in the distal end 42 of the elongate member 40.

[051] Alternatively, one or more of the proximal ends 44a-44c shown in Fig.
1 may include channels that connect to respective channels 46 that extend along the
length of the elongate member 40 and form respective openings in the single distal
end 42 (or in respective distal ends 42). Thus, separate instruments may be inserted
through the separate proximal ends 44a-44c, advanced through separate channels
46 in the elongate member 40, and through different openings formed by the
channels 46 in the distal end(s) 42 of the elongate member 40.

[052] The distal end 42 of the elongate member 40 may be configured to be
advanced through any body cavity or body lumen of a patient. For example, the
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distal end 42 may have a tapered and/or atraumatic distal end configuration. The
elongate member 40 may be flexible, for example, to be able to traverse tortuous
anatomy. Embodiments may be applicable to applications where a medical device is
inserted into the body through an anatomic opening (e.g., an incision or a natural
orifice). For example, embodiments of the current disclosure may be used in, but
are not limited to, natural orifice transluminal endoscopic surgery (NOTES)
procedures or single incision laparoscopic surgical (SILS) procedures. The elongate
member 40 may be configured to be advanced through any body lumen, e.g., the
gastrointestinal tract (Gl tract), the pulmonary tract, the anal tract, etc. For example,
the elongate member 40 may access the abdominal cavity trans-orally, trans-
vaginally, trans-anally, or through a single incision approach through the Gl tract or
umbilicus in order to access organs within the abdominal cavity.

[053] Thus, the distal end 42 of the elongate member 40 may be positioned
internal to the body, and the proximal ends 44a-44c of the elongate member 40 may
be positioned external to the body near the frame 20 in the proximal end 14 of the
endoscopy system 10, as shown in Fig. 1. The elongate member 40 may include
imaging and light capabilities, and may also include structure for steering the distal
end 42 of the elongate member 40 and/or locking the distal end 42 of the elongate
member 40 in position, e.g., after steering the distal end 42. That structure may
include rotatable control knobs 48, 49 positioned at a proximal handle of the
elongate member 40. The knobs 48, 49 may connect control wires or cables (not
shown) within the elongate member 40, to provide up/down and left/right steering of
the distal end 42 of the elongate member 40. Alternatively, the elongate member 40
may be formed of a material that is bendable and conforms to the endoscope or
other instrument inserted into the channel 46 as the endoscope or other instrument
is steered.

[054] The frame 20 may also include at least one bearing support 30 for
supporting at least one bearing assembly 100. The bearing support 30 may be
supported by the platform 22 and may be sized to receive and support the bearing
assembly 100. For example, as shown in Fig. 1, the exemplary bearing support 30
includes a generally cylindrical inner surface for receiving and supporting the
generally cylindrical bearing assembly 100. Other inner surface and assembly
shapes are also contemplated. Also, as shown in Fig. 1, the exemplary endoscopy
system 10 includes a pair of bearing assemblies 100, each including a distal end 102
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and a proximal end 104, and a pair of bearing supports 30 supporting each bearing
assembly 100 at the respective distal and proximal ends 102, 104. Alternatively,
each bearing assembly 100 may be supported by a single bearing support 30 or
more than two bearing supports 30, and/or the endoscopy system 10 may include
one bearing assembly 100 or more than two bearing assemblies 100. The frame 20
may also include an adjustment mechanism configured to adjust the position
(translational, rotational, etc.) of each bearing support 30 with respect to the platform
22 and/or may include a locking mechanism to lock each bearing support 30 in place
with respect to the platform 22 or to lock the bearing assembly 100 within the
respective bearing support 30. In some embodiments, bearing assembly 100 may
be disposable and frame 20 may be reusable.

[055] The distal end 102 of the bearing assembly 100 connects to the
proximal end 44a of the elongate member 40 as will be described below. The
proximal end 104 includes an opening 138 (Fig. 11) for receiving the distal end of the
instrument 60. To position the instrument 60 at a working location inside the patient
for an endoscopic procedure, the distal end 42 of the elongate member 40 may be
inserted into an opening in the patient, advanced into the patient (e.g., advanced into
a body organ, through a body lumen, etc.), and the elongate member 40 may be
attached to the frame 20 using the elongate member support 28. The instrument 60
may be advanced through the proximal end 104 of the bearing assembly 100, axially
through the bearing assembly 100, through the connection between the bearing
assembly 100 and the elongate member 40, through the elongate member 40, and
through the distal end 42 of the elongate member 40.

[056] Fig. 2 shows the distal end of one of the two instruments 60 shown in
Fig. 1 that is advanced through the elongate member 40. Although not shown in
Fig. 2, the distal ends of both instruments 60 of Fig. 1 may be advanced through the
distal end 42 of the elongate member 40. The instrument 60 may include an end
effector 62 attached to a distal end of an elongate member 64. The end effector 62
may include a device configured to assist in performing an endoscopic or surgical
procedure. For example, the end effector 62 may include, but is not limited to, a
cutting device (e.g., scissors, tissue cutter, etc.), forceps, a fixation device, a
manipulation device, a dissection device, a support device, a sealing device, a
needle holder, a cautery device, a closure device (e.g., clips, staples, loops, ligator,
suturing device, etc.), a retrieval device (e.g., snare, basket, loop, a fluid extraction
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device, etc.), a tissue exploration device (e.g., optical device, illumination device,
etc.), a tissue sampling or biopsy device, a needle, an injection device, an aspiration
device, any device with pivoting jaws, a delivery device, a device for aiding in the
patency of a lumen or for dilating an opening (e.g., a balloon or other expandable
member, stent, wire structure, etc.), and/or a grasping device, etc. Accordingly, the
instrument 60 and the end effector 62 may be any type of suitable instrument and
end effector known to those skilled in the art. Some exemplary configurations of
elongate members and instruments are disclosed, for example, in U.S. Patent
Application Publication No. 2008/0188890, entitled "Multi-Part Instrument Systems
and Methods” and U.S. Patent Application Publication No. 2008/0188868, entitled
"Direct Drive Endoscopy Systems and Methods,” each of which is hereby
incorporated by reference in its entirety.

[057] The instrument 60 may include a handle portion or control device 66
near the proximal end of the instrument 60. The control device 66 may be
connected to the end effector 62 via cables, bare wires, insulated wires or cables,
other elongate flexible members, or other devices for connecting the control device
66 to the end effector 62. The control device 66 may also have suitable connections
for cautery, insufflation, irrigation, or vacuum devices of the instrument 60 and/or the
end effector 62. The control device 66 allows the user to control the end effector 62,
such as the articulation (e.g., orientation, position, movement, etc.) and functionality
of the end effector 62. For example, the control device 66 may control the end
effector 62 to move the end effector 62 longitudinally, lateraily, and/or rotationally.
As indicated in Fig. 2, moving the end effector 62 laterally may include articulating or
moving the end effector 62 up (U), down (D), left (L), and/or right (R), for example,
with respect to an adjacent portion of the instrument 60. The control device 66 may
also control the functionality of the end effector 62, such as by initiating a function or
action of the end effector 62, e.g., opening, closing, etc. Thus, the control device 66
allows the user to control one or more degrees of freedom, e.g., up/down and/or
left/right movement, of the end effector 62, and allows the user to control the
movement and operation of the instrument 60 with a single hand, which may free the
user's other hand to control other devices or instruments. Some exemplary control
devices are disclosed, for example, in U.S. Patent Application Publication No.
2007/0010801 and U.S. Patent Application Publication No. 2008/0287862, each of
which is hereby incorporated by reference in its entirety.
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[058] The instrument 60 may be bent or articulated into a desired
configuration to perform a procedure. The instrument 60 may be flexible, rigid,
bendable, straight, malleable, etc., and may include sections of different degrees of
flexibility/rigidity. For example, a distal portion of the elongate member 64 of the
instrument 60 may be relatively flexible and/or more flexible than a proximal end
portion to allow the instrument 60 to be slidably inserted into and through the
elongate member 40. Stiffness may be altered or controllable at any location along
instrument 60. The flexible distal portion allows the instrument 60 to pass through
passageways that are not straight, such as the connection between the proximal
ends 44a-44c of the elongate member 40 and the channel 46, where the proximal
ends 44a-44c are located at angles with respect to the channel 46.

[059] The proximal portion of the elongate member 64 of the instrument 60
may be relatively rigid and/or more rigid than the distal portion, and the rigid proximal
portion may be received in the bearing assembly 100, e.g., may include substantially
the entire length of the instrument 60 inserted in the bearing assembly 100. Guiding
the rigid proximal portion with the bearing assembly 100 may allow easier contro! of
the movement of the end effector 62 of the instrument 60 since the rigid proximal
portion may be less likely to be floppy or to bend when contacting the bearing
assembly 100 and may be less likely to kink or twist within the bearing assembly
100. Further, supporting the rigid proximal portion in the bearing assembly 100 may
allow the user to leave the instrument 60 in place within the bearing assembly 100
when the user releases the instrument 60.

[060] As shown in Figs. 3 and 4, each bearing assembly 100 may include a
longitudinal axis 106, and the elongate member 40 may include a longitudinal axis
50. Each bearing assembly 100 may be positioned so that the respective
longitudinal axis 106 diverges away from the longitudinal axis 50 of the elongate
member 40. For example, an angle a separating the longitudinal axes 50, 106 may
range from, but not be limited to, 10 degrees to 60 degrees. The angle a may
depend on various factors, such as user comfort and other ergonomic
considerations, possible interference between the control devices 66 of the
instruments 60 or other components of the endoscopy system 10, etc. The
positioning (translational, rotational, etc.) of the respective bearing assemblies 100
may be adjustable with respect to each other and/or the elongate member 40 such
that the respective angles a separating each longitudinal axis 106 of the bearing
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assembly 100 from the longitudinal axis 50 of the elongate member 40 are
adjustable or selectively lockable. The positioning (translational, rotational, etc.) of
the longitudinal axis 50 of the elongate member 40 may also be adjustable to change
the respective angles a.

[061] Figs. 3 and 4 depict the angles a in a single plane, €.9., a generally
horizontal plane. Alternatively, the bearing assemblies 100 may be positioned so
that the angles a are in a different plane or different respective planes. As another
embodiment, an additional bearing assembly 100 (e.g., a third, fourth, etc.) may be
provided and may have a longitudinal axis positioned at an angle with respect to the
longitudinal axis 50 of the elongate member 40 that is in the generally horizontal
plane and/or a different plane than the generally horizontal plane.

[062] In the exemplary embodiment of the endoscopy system 10 having two
bearing assemblies 100 shown in Fig. 3, the bearing supports 30 supporting the
bearing assemblies 100 may be positioned with respect to the elongate member 40
so that the bearing assemblies 100 diverge away from each other toward the
proximal end 14 of the endoscopy system 10. The longitudinal axis 106 of each
bearing assembly 100 may be separated by the angle a from the longitudinal axis 50
of the elongate member 40, and an angle of 2a may separate the longitudinal axes
106 from each other. Bearing assembly 100 may also be selectively lockable.

[063] In the exemplary embodiment of an endoscopy system having a
single bearing assembly 100 shown in Fig. 4, the bearing supports 30 are positioned
with respect to the elongate member 40 so that the longitudinal axis 106 of the
bearing assembly 100 may be separated by the angle a from the longitudinal axis 50
of the elongate member 40.

[064] Figs. 5-20 show the assembly of the bearing assemblies 100 onto the
frame 20, according to an exemplary embodiment. As shown in Fig. 5, the
exemplary bearing assembly 100 may include an outer tubular member 110, a
bearing 130, and a guide member 150. The bearing 130 and the guide member 150
are inserted into and positioned at opposite ends 112, 114 of the outer tubular
member 110, respectively. The bearing 130 is located at the proximal end 104 of the
bearing assembly 100, and the guide member 150 is located at the distal end 102 of
the bearing assembly 100.

[065] Figs. 6-8 show the outer tubular member 110, which includes a distal
end 112, a proximal end 114, and a channel 116 extending substantially
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longitudinally within with outer tubular member 110 between the distal end 112 and
the proximal end 114. In an embodiment, the outer tubular member 110 may be
approximately 11-13 inches long. As shown in Fig. 8, the inner surface of the outer
tubular member 110 defining the channel 116 may include one or more inner
grooves 120 and/or one or more inner protrusions 121 for engaging with
corresponding features of the bearing 130 and the guide member 150 to position the
bearing 130 and the guide member 150 axially within the outer tubular member 110.
The inner surface can also include ribbing, which may include spiral ribbing. The
outer tubular member 110 is sized to be inserted into the bracket support 30. For
example, as shown in Figs. 6-8, the outer tubular member 110 may have a circular
outer cross-section sized to be received in an opening in the bracket support 30
having a circular cross-section. The bracket support 30 may include a locking
mechanism (not shown) to fix the outer tubular member 110 in place, e.g.,
rotationally and axially, inside the bracket support 30.

[066] The outer tubular member 110 may be formed of a material or have a
coating that provides a relatively frictionless surface in the channel 116 against
which the instrument 60 may slide. The portion of the inner surface of the outer
tubular member 110 against which the instrument 60 may slide may have a cross-
section that is sized to correspond to the portion of the instrument 60 that slides
through the outer tubular member 110.

[067] Also, as shown in Fig. 1, the outer tubular member 110 may be made
of a clear, transparent, semitransparent, and/or translucent material, e.g.,
polycarbonate, Lexan, or other polymer, plastic, etc. Alternatively, a portion of the
outer tubular member 110 may be formed of such a material, e.g., to form a window.
As a result, the outer tubular member 110 may allow the user to view the interior of
the bearing assembly 100 while maintaining a protective barrier around the
instrument 60 that prevents fluids (e.g., biological fluids or insufflation fluids) from
escaping. For example, the user may view the outer surface of the instrument 60
inserted through the bearing assembly 100, and the outer surface of the instrument
60 may have markers that indicate, for example, the distance to the distal end of the
instrument 60, thereby also indicating how far into the patient the instrument 60 has
advanced.

[068] Figs. 9-11 show the bearing 130, which includes a distal end 132, a
proximal end 134, and a channel 136 extending substantially longitudinally within
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with bearing 130 between the distal end 132 and the proximal end 134. Inan
embodiment, the bearing 130 may be approximately 4-6 inches long. The distal end
of the instrument 60 may be inserted into the bearing assembly 100 through the
opening 138 of the channel 136 at the proximal end 134. The opening 138 may be
formed with a chamfer 139 that may smooth and/or facilitate the transition of the
instrument 60 into the bearing assembly 100 and that may also assist in preventing
the snagging of a user’s gloves or other materials when inserting the instrument 60
into the bearing assembly 100.

[069] The bearing 130 may include a proximal flange 140 configured to abut
against or otherwise engage the proximal end 114 of the outer tubular member 110.
As a result, the proximal flange 140 assists in positioning the bearing 130 at the
proximal end 114 of the outer tubular member 110.

[070] The outer surface of the bearing 130 includes one or more outer
grooves 142 and/or one or more outer protrusions 143 for engaging with respective
inner protrusions 121 and/or inner grooves 120 of the outer tubular member 110.
These features may engage to fix the bearing 130 in place axially inside the outer
tubular member 110 at the proximal end 104 of the bearing assembly 100 and to
assist in preventing the bearing 130 from sliding axially with respect to the outer
tubular member 110.

[071] The bearing 130 may be formed of a material or have a coating that
provides a relatively frictionless surface in the channel 136 against which the
instrument 60 may slide. For example, the bearing 130 may be formed of a low
friction or “non-stick” material, e.g., Teflon, polytetrafluoroethylene (PTFE), or other
polymer, plastic, etc. The material may have a relatively low coefficient of friction
compared to, for example, the material used to form the outer tubular member 110
and/or the guide member 150. As a result, the bearing 130 may reduce surface
friction between the instrument 60 and the bearing assembly 100 as the instrument
60 slides longitudinally or rotationally within the bearing assembly 100. In an
embodiment, in addition to the outer tubular member 110, the bearing 130 may
include a clear, transparent, semitransparent, and/or translucent material, e.g.,
polycarbonate or other polymer, plastic, etc., to allow a user to see inside the bearing
130.

[072] The length and inner diameter of the bearing 130 may be determined
to provide a smooth transition of the instrument 60 into the bearing assembly 100
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and to minimize the resistance to movement (surface friction) of the instrument 60
within the bearing assembly 100. The inner surface of the bearing 130 serves as a
supporting surface to guide and support flexible and rigid instruments 60, and is
sufficiently rigid to withstand user loads that are applied to the instrument 60, e.g.,
via the control device 66.

[073] The inner diameter of the bearing 130 at the distal and proximal
ends 132, 134 may be smaller compared to the inner diameter of the bearing 130 at
a middle portion between the distal and proximal ends 132, 134. The smaller inner
diameters at the distal and proximal ends 132, 134 form constrictions 144 at the
distal and proximal ends 132, 134. The amount of reduction of the inner diameter at
the constrictions 144 and the distance between the constrictions 144 may be
determined to allow the bearing 130 to withstand user loads (e.g., rotation,
longitudinal movement, lateral movement, etc.) that may be applied to the instrument
60. Alternatively, or in addition, the inner diameter of the constrictions 144 in the
bearing 130 may have a cross-section that is sized to correspond to the portion of
the instrument 60 that slides through the bearing 130.

[074] Fig. 12-16 show the guide member 150, which includes a distal end
152, a proximal end 154, and a channel 156 extending substantially longitudinally
within the guide member 150 between the distal end 152 and the proximal end 154.
In an embodiment, the guide member 150 may be approximately 1-3 inches long.
The guide member 150 may be formed of a material or have a coating that provides
a relatively frictionless surface in the channel 156 against which the instrument 60
may slide. The guide member 150 may be formed from Teflon (PTFE), acetal,
Celcon, polyoxymethylene, or other plastic or polymer. In an embodiment, in
addition to the outer tubular member 110, the guide member 150 may be made of a
clear, transparent, semitransparent, and/or translucent material, e.g., polycarbonate
or other polymer, plastic, etc., to allow a user to see inside the guide member 150.

[075] The outer surface of the proximal end 154 of the guide member 150
includes one or more outer grooves 160 and/or one or more outer protrusions 161
for engaging with respective inner protrusions 121 and/or inner grooves 120 of the
outer tubular member 110. These features may engage to fix the guide member 150
in place axially inside the outer tubular member 110 at the distal end 102 of the
bearing assembly 100 and to assist in preventing the guide member 150 from sliding
axially with respect to the outer tubular member 110.
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[076] The guide member 150 may also include an intermediate portion 153
between the distal and proximal ends 152, 154. A key 162 or projection may extend
outwardly from an outer surface of the intermediate portion 153. The key 162 may
be shaped to be received within a corresponding keyway 32 (Figs. 17 and 18} in the
distal end of the bearing support 30 in which the distal end 102 of the bearing
assembly 100 is received. Alternatively, the guide member 150 may include the
keyway 32 and the bearing support 30 may include the key 162, or other types of
engaging features may be used. In an embodiment, the key 162 may sized to form a
friction or interference fit with the keyway 32. Positioning the key 162 in the keyway
32 serves to locate the bearing assembly 100 with respect to the bearing support 30
and the frame 20. When the key 162 is inserted into the keyway 32, the key 162
positions the bearing assembly 100 rotationally and axially within the bearing support
30.

[077] In the embodiment shown in Figs. 12-16, the distal end 152 of the
guide member 150 includes a U-shaped surface 164 extending distally from a distal
surface 166 of the intermediate portion 153. The distal surface 166 of the
intermediate portion 153 includes an opening 168 through which the instrument 60
may pass to exit the bearing assembly 100. In the embodiment shown in Figs. 12-
16, the U-shaped surface 164, the distal surface 166 of the intermediate portion 153,
and an end flange 170 at the distal end 152 of the guide member 150 define a cavity
172 for receiving the proximal end 44a of the elongate member 40 as will be
described below. Other shaped surfaces are also contemplated.

[078] Figs. 17 and 18 show the attachment of the bearing assembly 100 to
the frame 20. First, the bearing 110 and the guide member 150 may be inserted into
the outer tubular member 130 (Fig. 9) to form the bearing assembly 100. Then, as
shown in Fig. 17, the bearing assembly 100 may be inserted through the bearing
supports 30 until the key 162 in the guide member 150 of the bearing assembly 100
is received in the keyway 32 in the bearing support 30 in which the distal end 102 of
the bearing assembly 100 is positioned. Fig. 18 shows the bearing assemblies 100
positioned in the respective bearing supports 30 with the keys 162 engaged with the
respective keyways 32. Then, the elongate member 40 may be attached to the
bearing assembly 100. In other embodiments, guide member 150 can attach without
a key. For example, guide member 150 may be attached via a thread, snap, lock-in,
latch, or similar attachment device.
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[079] Fig. 19 shows the attachment of the proximal end 44a of the elongate
member 40 to the bearing assembly 100. The proximal end 44a of the elongate
member 40 may be attached to the bearing assembly 100 while the bearing
assembly 100 is positioned in the bearing supports 30 as shown in Fig. 18.
Alternatively, the elongate member 40 may be attached to the bearing assembly 100
before the bearing assembly 100 is positioned in the bearing supports 30.

[080] As shown in Fig. 19, the proximal end 44a of the elongate member 40
may include a seal 52. The seal 52 may be formed of an elastomeric material, such
as rubber, silicone, or other materials known in the art for forming seals. In some
instances, a soft or compliant foam may be lubricated to reduce friction or improve
sealing. The seal 52 may have a larger outer dimension (e.g., outer diameter) than
the majority of elongate member 40. The seal 52 may be inserted laterally into the
cavity 170 in the guide member 150 to attach the proximal end 44a of the elongate
member 40 to the distal end 102 of the bearing assembly 100. When the elongate
member 40 is attached to the bearing assembly 100, the opening 168 in the guide
member 150 aligns with the channel 46 in the elongate member 40 to allow the
instrument 60 to pass through the bearing assembly 100 into the elongate member
40, thereby smoothing the transition for the instrument 60 as it passes from the guide
member 150 to the elongate member 40. Since the seal 52 is inserted laterally into
the cavity 172 and includes a larger outer dimension than the opening in the end
flange 170 of the guide member 150, the seal 52 may be prevented from slipping
axially through the opening in the end flange 170 and may be held in place between
the distal surface 166 of the intermediate portion 153 of the guide member 150 and
the end flange 170. As a result, the connection between the elongate member 40
and the bearing assembly 100 is less likely to unintentionally separate. Also, the
seal 52 assists in preventing fluids (e.g., biological fluids or insufflation fluids from the
instrument 60) from escaping from within the elongate member 40 and the bearing
assembly 100. Both ends of bearing assembly 100 could include one or more seals
or valves.

[081] After connecting the elongate member 40 to the bearing assembly
100 and after positioning the bearing assembly 100 on the frame 20, the instrument
60 may be inserted into the bearing assembly 100 through the opening 138 of the
channel 136 at the proximal end 134 of the bearing 130. Then, the instrument 60
may pass through the bearing assembly 100, e.g., through the bearing 130, then
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through the length of the outer tubular member 110 extending between the bearing
130 and the guide member 150, through the proximal end 154 and intermediate
portion 153 of the guide member 150, through the opening 168 in the distal surface
166 of the intermediate portion 153 of the guide member 150, through the seal 52,
and then through the elongate member 40. The channels 116, 136, 156 in the
respective outer tubular member 110, the bearing 130, and the guide member 150
communicate with each other to form a single channel within the bearing assembly
100 through which the instrument 60 may pass.

[082] Fig. 20 shows the attachment of the elongate member 40 to the
bearing assembly 100, according to an alternate embodiment. In this embodiment,
the proximal end 42 of the elongate member 40 may not include the seal 52 with the
larger outer dimension shown in Fig. 19, and the guide member 150 may not include
the cavity 172. Instead, the distal end 152 of the guide member 150 may include the
opening 168 and a seal 180. The seal 180 may be formed of an elastomeric
material, such as rubber or other materials known in the art for forming seals. Any
seal may also include a valve, membrane, or coating. The proximal end 44a of the
elongate member 40 may be inserted through the seal 180 in the guide member 150
to attach the elongate member 40 to the bearing assembly 100. In an embodiment,
the seal 180 may include a membrane with an opening (e.g., a slit) through which
the proximal end 44a of the elongate member 40 may pass, and the seal 180 may
prevent fluids (e.g., biological fluids or insufflation fluids from the instrument 60) from
escaping from within the elongate member 40 and the bearing assembly 100. The
membrane may also be included in the opening 168 in the embodiment shown in
Fig. 19.

[083] Fig. 21 shows an alternate embodiment of a bearing support 200 of
the frame 20 that may be provided instead of, or in addition to, the generally
cylindrical bearing support 30 shown in Fig. 1. For example, the frame 20 may
include the bearing support 200 shown in Fig. 21 for supporting the proximal end 104
of the bearing assembly 100 while the bearing support 30 shown in Fig. 1 may be
provided to support the distal end 102 of the bearing assembly 100, as shown in Fig.
21.

[084] The bearing support 200 may include at least one roller 202
configured to move the bearing assembly 100 and/or the instrument 60 axially. For
example, in the embodiment shown in Fig. 21, the bearing support 200 includes two
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sets of rollers 202, and each set of rollers 202 includes at least one roller 202 that
may contact a bottom surface of the bearing assembly 100 or the instrument 60, and
at least one roller 202 that may contact a top surface of the bearing assembly 100 or
the instrument 60. The size of the rollers 202 may be adjustable to accommodate
bearing assemblies 100 or instruments 60 of various sizes. For example, the rollers
202 may be inflatable, and the amount of inflation of the rollers 202 may depend on
the size of the bearing assembly 100 or the instrument 60 received in the bearing
support 200. In other embodiments, the position of the rollers 202 may be
selectively adjustable. In some embodiments, ball bearings could be used in place
of rollers 202.

[085] The rollers 202 may be connected to a drive mechanism, such as a
motor 204, that rotates the rollers 202 to move the bearing assembly 100 and/or the
instrument 60 axially (distally or proximally). The drive mechanism may include a
manual drive system that may operate using direct mechanical movement of a knob,
lever, or similar other device. The motor 204 may be connected to a sensor 206 that
senses an axial position of the bearing assembly 100 and/or the instrument 60.
Sensor 206 may also operate without motor 204.

[086] For example, in the embodiment where the rollers 202 contact and
move the bearing assembly 100, the sensor 206 may sense whether the bearing
assembly 100 is at its farthest possible proximal location and/or its farthest possible
distal location to prevent the bearing assembly 100 from inadvertently falling out of
the bearing support 200. A controller (not shown) may be provided to control the
operation of the motor 204 and to determine when to move the bearing assembly
100 axially based on the sensed axial position of the bearing assembly 100.in the
embodiment where the rollers 202 contact and move the instrument 60, the motor
204 may be connected to the sensor 206 to sense a position of the instrument 60,
e.g., when the instrument 60 is ready to be loaded and/or removed from the bearing
assembly 100. The motor 204 may rotate the rollers 202 to move the instrument 60
axially to insert or remove the instrument 60 from the bearing assembly 100. As a
result, the bearing support 200 may facilitate alignment of the instrument 60 with the
bearing assembly 100. A controller (not shown) may be provided to control the
operation of the motor 204 and to determine when to move the instrument 60 axially

based on the sensed axial position of the instrument 60.
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[087] The size and configuration of the bearing support 30 and/or the
bearing assembly 100 may vary, e.g., depending on a size and configuration of the
instrument 60. Fig. 22 shows an alternate embodiment of a bearing support 300 of
the frame 20 and an outer tubular member 310 of the bearing assembly 100, which
allow the control device 66 of the instrument 60 to be received within the bearing
support 300 and the outer tubular member 310. The bearing support 300 may be
provided instead of, or in addition to, the generally cylindrical bearing support 30
shown in Fig. 1. For example, the frame 20 may include the bearing support 300
shown in Fig. 22 for supporting the proximal end 104 of the bearing assembly 100
while the bearing support 30 shown in Fig. 1 may be provided to support the distal
end 102 of the bearing assembly 100.

[088] The bearing support 300 may be generally C-shaped or U-shaped
such that the bearing support 300 forms a slot 302. The bearing assembly 100 may
include a corresponding slot 312 that has similar dimensions (e.g., width and length)
as the slot 302 in the bearing support 300. The slot 312 in the bearing assembly 100
may be formed in the outer tubular member 310 and in the bearing 130. The slots
302, 312 may be formed in a side portion of the respective bearing support 300 and
bearing assembly 100, as shown in Fig. 22. Accordingly, an instrument 60 having a
control device 66 that extends to the side may be inserted into the bearing assembly
100 such that the sideward-extending control device 66 passes through the slots
302, 312. Thus, although Fig. 1 shows that the elongate members 64 of the
instruments 60 may be received in the respective bearing assemblies 100, the
bearing assemblies 100 and the bearing supports 300 may also be configured to
receive the control device 66 of the respective instruments 60. Also, the bearing
assemblies 100 and bearing supports 300 allow easy loading of the respective
instruments 60 even when the control device 66 of the respective instruments 60 is
not passed through the slots 302, 312.

[089] Fig. 23 shows an alternate embodiment of a bearing support 400 of
the frame 20 and an outer tubular member 410 of the bearing assembly 100, which
also allow the control device 66 of the instrument 60 to be received within the
bearing support 400 and the outer tubular member 410. The bearing support 400
may be provided instead of, or in addition to, the generally cylindrical bearing support
30 shown in Fig. 1. For example, the frame 20 may include the bearing support 400
shown in Fig. 23 for supporting the proximal end 104 of the bearing assembly 100
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while the bearing support 30 shown in Fig. 1 may be provided to support the distal
end 102 of the bearing assembly 100. Bearing assembly 100 may also be provided
with one or more openings, slots, or similar apertures. Further, these openings may
have optional coverings to prevent contamination or to help guide placement. These
coverings could include a film, wrap, hinged door, sliding door, or similar device.

[090] The bearing support 400 may be generally C-shaped or U-shaped
such that the bearing support 400 forms a slot 402. The bearing assembly 100 may
include a corresponding slot 412 that has similar dimensions (e.g., width and length)
as the slot 402 in the bearing support 400. The slot 412 in the bearing assembly 100
may be formed in the outer tubular member 410 and in the bearing 130. The slots
402, 412 may be formed in an upper portion of the respective bearing support 400
and bearing assembly 100, as shown in Fig. 23. Accordingly, an instrument 60
having a control device 66 that extends upward may be inserted into the bearing
assembly 100 such that the upward-extending control device 66 passes through the
slots 402, 412. Also, the bearing assemblies 100 and bearing supports 400 allow
easy loading of the respective instruments 60 even when the control device 66 of the
respective instruments 60 is not passed through the slots 402, 412.

[091] The frame 20 may accommodate various different configurations and
sizes of bearing assemblies 100. For example, Fig. 24 shows an embodiment in
which bearing assemblies 100a-100d of varying outer dimensions (e.g., different
outer diameters, lengths, etc.) may be provided for a single frame 20. For example,
as described above in connection with the embodiment shown in Fig. 21, the bearing
support 200 may be adjustable to accommodate bearing assemblies 100a-100d of
varying outer dimensions. Various cross-sections could be cylindrical, elliptical,
triangular, curved, square, hexagonal, octagonal, or rectangular. Alternatively, or in
addition, the bearing assemblies 100a-100d may also vary based on the dimensions
(e.g., diameters) of the channels 116, 136, 156, other dimensions (e.g., length, wall
thickness, etc.) or characteristics (e.g., materials, etc.) of the outer tubular member
110, the bearing 130, and/or the guide member 150, etc. Interchangeable outer
tubular members 110 having varying outer diameters, inner diameters, and/or
lengths may be provided. Also, the inner diameter of the bearing 130 may be
variable. For example, the inner surface of the bearing 130 may be spring-loaded,
inflatable, and/or electronically driven to adjust the inner diameter of the bearing 130,
e.g., in the constriction 144. The inner diameter of the bearing 130 may be adjusted
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to accommodate instruments 60 of varying sizes. For example, in an embodiment,
the sensor 206 may sense the size of the instrument 60, and a controller (not shown)
may be used to determine and automatically adjust the inner diameter or
configuration of the bearing 130 and/or a size, shape, and/or spacing of the rollers
202 in the bearing support 200.

[092] The bearing assembly 100 may include a locking mechanism to lock
the instrument 60 in place rotationally and/or axially inside the bearing assembly
100. For example, Fig. 25 shows a locking mechanism 500 for positioning the
instrument 60 with respect to the bearing assembly 100, according to an exemplary
embodiment. An inner surface of one of the components of the bearing assembly
100, e.g., the outer tubular member 110, the bearing 130, or the guide member 150,
may include a groove 502, and an outer surface of the instrument 60 that is
configured to face the inner surface of the component of the bearing assembly 100
may include a pivotable latch 504. For example, as shown in Fig. 25, the groove 502
may be positioned in the inner surface of the bearing 130 near the proximal end 134.
Locking mechanism 500 may include an axial lock or a rotational lock.

[093] When the instrument 60 moves distally within the bearing assembly
100, the pivotable latch 504 is configured to slide against the inner surface of the
bearing assembly 100 without catching the groove 502. Thus, the instrument 60
does not lock in place with respect to the bearing assembly 100. When the
instrument 60 moves proximally within the bearing assembly 100, the pivotable latch
504 is configured to catch the groove 502 and prevent the pivotable latch 504 from
moving proximal to the groove 502. Accordingly, the locking mechanism 500 may
prevent the user from pulling the instrument 60 completely out of the bearing
assembly 100.

[094] Fig. 26 shows a locking mechanism 600 for positioning the instrument
60 with respect to the bearing assembly 100 according to another exemplary
embodiment. The bearing assembly 100 (e.g., the outer tubular member 110, the
bearing 130, or the guide member 150) may include an extendable member 602 that
may be controlled to extend radially inward or retract radially outward within the
channel 116, 136, 156 in the bearing assembly 100. For example, the extendable
member 602 may be biased to extend radially inward until the user presses an
actuator to release the extendable member 602 to retract the extendable member
602 radially outward. Alternatively, the extendable member 602 may be a screw that
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is rotatable in one direction to extend radially inward and rotatable in the opposite
direction to retract radially outward. In some embodiments, a ratcheting peg may be
used, which may be releasable. A screw, peg, cam, or similar device may create a
friction fit to capture instrument 60. As another alternative, the extendable member
602 may be electronically driven. The outer surface of the instrument 60 may
include a plurality of teeth 604 that are arranged in series along the length of the
elongate member 64 of the instrument 60.

[095] When the instrument 60 is in the bearing assembly 100, the user may
extend the extendable member 602 radially inward to engage a slot between two
adjacent teeth 604 on the instrument 60, thereby locking the instrument 60 in place
within the bearing assembly 100. When the user wants to move the instrument 60
again, the user may retract the extendable member 602 from the slot between the
teeth 604. Accordingly, the locking mechanism 600 allows the user to set the
position of the instrument 60 within the bearing assembly 100 and to assist in
preventing inadvertent movement of the instrument 60 with respect to the bearing
assembly 100.

[096] As a result, one or both of the locking mechanisms 500, 600 may be
used to fix or lock the instrument 60 relative to the bearing assembly 100, which may
free the user's hand to control other devices or instruments and which may reduce
hand fatigue while keeping the instrument 60 ready for use. The locking
mechanisms 500, 600 may also assist in preventing the removal of the instruments
60 from the sterile site and/or preventing the instruments 60 from falling out of the
bearing assemblies 100.

[097] Fig. 27 shows an endoscopy system 610 that may include one or
more locking mechanism 500, 600, as previously described. In particular, one or
more instruments 60 can include one or more locking mechanisms described herein.
For example, an instrument 560 can include an actuator 612 that may be actuated to
lock or unlock the locking mechanism 500. Locking mechanism 500 may be located
on endoscopy system 610 at, for example, a support structure 606. Locking
mechanism 500 can controllably limit movement of the elongate member 564 relative
to the support structure 606. Actuator 612 can include a button, a thumb screw, a
slide, a lever, or other type of manual or electronic switching device. One or more
actuators could be located on endoscopy system 610 to control these or other
locking mechanisms.
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[098] Endoscopy system 610 can also include one or more actuators 614,
616, 618 configured to control locking mechanism 600, as described above. For
example, actuators 614, 616, 618 can be configured to selectively engage a grid
surface 620 to control rotational movement, axial movement, and/or resistance to
movement of an instrument 660. The grid surface 620 may be located on at least
part of elongate member 664 or any other surface of endoscopy system 610.

[099] Grid surface 620 can include a textured surface containing various
grooves, ridges, and/or similar features. For example, grid surface 620 may include
teeth similar to those shown and described in Fig. 26. Grooves or ridges of grid
surface 620 can be straight, curved, or any suitable shape. Some features of grid
surface 620 can be uniformly or randomly distributed.

[0100] In some instances, grid surface 620 may include a texture having a
repeating pattern. For example, the repeating pattern could include a series of
orthogonal grooves or ridges, helical grooves or ridges, or other uniform pattern. As
described in detail below, a checked pattern of generally orthogonal grooves can
provide selective axial and/or rotationally locking.

[0101] The repeating pattern may also include a series of features that vary
in distribution. For example, a distribution of radial ridges or grooves may be larger
in a distal section compared with smaller ridges or grooves in a proximal section.
Such a distribution of ridges or grooves with different heights may serve to increase
frictional forces opposing motion of the instrument 666 as the instrument 666 is
moved distally. These and other configurations of grid surface 620 may be used to
customize the operation of endoscopy system 610 for different users or applications.

[0102] In some embodiments, one or more pins (not shown), similar to
extendable member 602 shown in Fig. 26, can engage grid surface 620. For
example, actuator 614 may be actuated to cause one or more pins to engage a
groove or ridge extending axially along the grid surface 620 and parallel to a
longitudinal axis of the elongate member 664. Activating actuator 614 may permit
axial movement of the instrument 666 relative to the support structure 606 while
substantially locking rotational movement of the instrument 666 relative to the
support structure 606. Deactivating actuator 614 may permit normal axial and
rotational movement of the instrument 66 as described above.

[0103] In another example, the actuator 616 may cause another extendable
member (now shown) to engage a groove or ridge extending radially or laterally
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about the elongate member 664. Activating actuator 616 may allow rotational
movement of the instrument 666 relative to support structure 606 while substantially
locking axial movement of instrument 666 relative to support structure 606.

[0104] In yet another example, the actuator 618 may be actuated to control a
flexible elongate member (not shown) that may frictionally engage grid surface 620
and/or elongate member 664 to at least partially provide resistance to movement
between the instrument 666 and the support structure 606. As described above, grid
surface 620 could include features of varying size, depth, or height. These features
could increase or decrease longitudinally and/or radially, providing increasing or
decreasing resistance to movement.

[0105] Various locking or frictional systems can improve the operation of
endoscopy system 610. Completely locking movement of one or more instruments
during an operation can relieve a user’s hand to reduce fatigue. Selectively locking
axial, rotational, or other movement of an instrument can also reduce user fatigue
and improve the precision of instrument movement. Various frictional settings can
provide an indication of the instrument'’s positioning relative to the system or patient.

[0106] Relative movement between a bearing tube and the endoscopy
system can control relative movement between the instrument and the patient or
support structure. For example, the support structure could include a gear aligned
axially or rotationally relative to the bearing tube. The gear could then be actuated to
move the bearing tube axially or rotationally relative to the patient or support
structure. Such relative movement could be combined with indexing to provided
more precise instrument movement or positioning.

[0107] For example, Fig. 28 shows the bearing assembly 100 moveably
coupled to a gear 670 configured for axial movement and a gear 680 configured for
rotational movement. At least part of the bearing assembly 100 could include grid
surface 620 as described above, wherein grid surface 620 can be configured to
engage one or more gears 670, 680. In other embodiments, bearing assembly 100
could include one or more than two gears.

[0108] Gear 670 could engage and/or disengage grid surface 620 or bearing
assembly 100. When engaged with grid surface 620, gear 670 could rotate to axially
move bearing assembly 100. Gear 670 could also include a disk or a drum
configured to frictionally engage bearing assembly 100 or other component of
endoscopy system 610. Friction may be controlled based in part on a selection of
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materials that come into contact with each other, and may include, for example, a
coating or covering on either component. At least partially locking the relative
movement of one or more components can be controlled by friction, pressure, or
other forces between interacting components.

[0109] Optionally, gear 680 can be positioned transverse or lateral to a
longitudinal axis of bearing assembly 100. As described above for gear 670, gear
680 could engage grid surface 620 or frictionally engage bearing assembly 100.
Gear 680 could rotate to rotatably move the bearing assembly 100 about its
longitudinal axis. Such axial and/or rotational movement could provide precise linear
control of bearing tube 100 or an instrument (not shown) contained within bearing
tube 100.

[0110] In some embodiments, movement may be indexed to allow movement
at specific distances. For example, axial movement may be indexed in centimeters
or inches, and radial movement may be indexed in degrees. A stop, a preset
distance, a visual marker, or an audible clicking mechanism may also be used to aid
movement or alignment of a bearing assembly or instrument.

[0111] Gears 670, 680 may also include a spring (not shown) or other device
configured to at least partially limit bearing assembly movement. A gear/spring
assembly could provide at least partial locking of bearing assembly 100. Such
movement restriction could provide another hands-free mechanism.

[0112] The bearing assembly 100 may be supported by the endoscopy
system 10 in different ways. For example, instead of including bearing supports 30,
200, 300, 400, Fig. 29 shows an alternate embodiment of an endoscopy system 700
including the bearing assemblies 100 and a support structure 702 for locking both
the bearing assemblies 100 in place and for supporting the bearing assemblies 100.
For example, the support structure 702 may lock the guide member 150 of the
bearing assembly 100 in place, e.g., rotationally and/or axially.

[0113] Bearing assembly 100 could further be modified as described below.
For example, bearing assembly 100 could be formed from one or more coils
configured to flex. Bearing assembly 100 may also be lined with low friction material,
foam or otherwise be configured to reduce friction associated with the movement of
instrument 60. Friction could also be reduced by using a ribbed, raised, or similarly

lined inner surface of bearing assembly 100.
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[0114] Bearing assembly 100 could also include one or more indices. For
example, bearing assembly 100 could include a longitudinal index to provide a visual
indication of the relative position between bearing assembly 100 and instrument 60.
An angular index may provide a rotational reference of instrument 60 relative to
bearing assembly 100 or frame 20.

[0115] The various components of the endoscopy system 10 described
herein may be made of a suitable biocompatible material and may be flexible, for
example, to traverse tortuous anatomy in the body. Any aspect set forth in any
embodiment may be used with any other embodiment set forth herein. Every device
and apparatus set forth herein may be used in any suitable medical procedure, may
be advanced through any suitable body lumen and body cavity, and may be used to
visualize, acquire, treat, or remove tissue from any suitable body portion.

[0116] It will be apparent to those skilled in the art that various modifications
and variations can be made in the disclosed systems and processes without
departing from the scope of the invention. Other embodiments of the invention will
be apparent to those skilled in the art from consideration of the specification and
practice of the invention disclosed herein. It is intended that the specification and
examples be considered as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims and their equivalents
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What is claimed is:

1. A system for guiding an instrument, the system comprising:

a frame; and
a bearing assembly supported by the frame and including:
an outer tubular member supported by the frame and including a

proximal end and a distal end,
a bearing at least partially disposed within at least one of the proximal

end and the distal end of the outer tubular member, and
a channel for receiving the instrument, the channel extending through

the outer tubular member and the bearing.

2. The system of claim 1, wherein the bearing includes a low friction inner

surface defining at least a portion of the channel.

3. The system of claim 2, wherein the low friction inner surface is formed

of polytetrafluoroethylene.

4. The system of claim 1, wherein the bearing includes a distal end, a
proximal end, and a constriction in at least one of the distal end and the proximal

end.

5. The system of claim 1, wherein the outer tubular member is at least
partially substantially transparent such that an interior of the channel is visible

through a wall of the outer tubular member.

6. The system of claim 1, wherein the bearing assembly further comprises
a guide member at least partially inserted into the distal end of the outer tubular
member, the channel extending through the guide member to receive the instrument.

7. The system of claim 6, wherein the outer tubular member is longer than

the sum of the lengths of the guide member and the bearing.
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8. The system of claim 6, wherein a distal end of the guide member is
configured to receive a proximal end of an elongate member including a channel for

receiving the instrument.

9. The system of claim 1, wherein the frame includes a bearing support

for securing the bearing assembly to the frame.

10.  The system of claim 9, wherein the bearing support includes at least
one roller configured to move at least one of the instrument or the bearing assembly

relative to the bearing support.

11.  The system of claim 9, wherein one of the bearing assembly and the
bearing support includes a first engaging member, and the other one of the bearing
assembly and the bearing support includes a second engaging member for engaging
with the first engaging member to position the bearing assembly relative to the

bearing support.

12.  The system of claim 1, wherein the frame is configured to support an

elongate member including a channel for receiving the instrument.

13.  The system of claim 1, wherein the bearing assembly includes a
locking mechanism configured to lock the instrument in place inside the bearing

assembly.

14.  The system of claim 1, wherein the bearing assembly includes an axial
slot extending through the outer tubular member and the bearing, and extending

distally from a proximal end of the bearing assembly.

15. A system for guiding an instrument, the system comprising:

a frame;
an elongate member supported by the frame, the elongate member including

a proximal end and a distal end; and
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a bearing assembly supported by the frame and including a channel for
receiving the instrument, the channel extending between a proximal end of the
bearing assembly and a distal end of the bearing assembly, at least a portion of the
proximal end of the elongate member being inserted into the distal end of the

bearing assembly.

16.  The system of claim 15, wherein the bearing assembly includes:

an outer tubular member including a proximal end and a distal end; and

a guide member at least partially inserted into the distal end of the outer
tubular member, the channel extending through the guide member and the outer

tubular member.

17.  The system of claim 16, wherein the distal end of the guide member
includes a cavity configured to receive the proximal end of the elongate member

inserted laterally into the cavity.

18.  The system of claim 15, further comprising a seal formed at a
connection between the distal end of the bearing assembly and the proximal end of
the elongate member to assist in preventing fluids from exiting from within the
bearing assembly and the elongate member at the connection between the bearing

assembly and the elongate member.

19.  The system of claim 15, wherein the elongate member includes a grid
surface having at least one of a groove and a ridge, and the frame includes at least
one actuator configured to moveably engage the grid surface to limit movement of
the elongate member relative to the bearing assembly.

20. The system of claim 19, wherein the grid surface includes orthogonal
grooves and ridges, and the frame includes a first actuator configured to engage the
grid surface to limit axial movement of the elongate member relative to the bearing
assembly and a second actuator configured to engage the grid surface to limit
rotational movement of the elongate member relative to the bearing assembly.

21. A system for guiding an instrument, the system comprising:
-30-
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a frame including a bearing support;

a bearing assembly supported by the bearing support and including a channel
for receiving the instrument, the channel extending between a proximal end of the
bearing assembly and a distal end of the bearing assembly; and

a drive mechanism connected to the bearing support and configured to drive

at least one of the instrument or the bearing assembly axially.

22.  The system of claim 21, wherein the drive mechanism includes a motor

configured to drive the at least one of the instrument or the bearing assembly axially.

23.  The system of claim 21, wherein the drive mechanism includes at least
one roller configured to support the at least one of the instrument or the bearing
assembly, and to drive the at least one of the instrument or the bearing assembly

axially.

24. The system of claim 23, wherein the drive mechanism includes a motor
configured to rotate the at least one roller to drive the at least one of the instrument

or the bearing assembly axially.

25. The system of claim 21, wherein the drive mechanism includes a
sensor configured to sense a position of the at least one of the instrument or the
bearing assembly, and a controller configured to control the motor based on the

sensed position.

26. A method for guiding an instrument, the method comprising:
supporting a bearing assembly and an elongate member on a frame, the
bearing assembly being positioned at an angle relative to a proximal end of the

elongate member;
connecting a distal end of the bearing assembly to the proximal end of the

elongate member; and
inserting the instrument through the bearing assembly and through the

elongate member.
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27.  The method of claim 26, further comprising positioning the bearing
assembly with respect to the frame by engaging a first engaging member in the

bearing assembly with a second engaging member in the frame.

28. The method of claim 27, wherein the first and second engaging
members are engageable to rotationally and axially position the bearing assembly

relative to the frame.

29.  The method of claim 27, wherein one of the first and second engaging
members includes a key and the other one of the first and second engaging

members includes a keyway configured to receive the key.

30. The method of claim 27, further comprising inserting the bearing
assembly into a bearing support of the frame, the bearing support including the

second engaging member.
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