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FIG. 1

(57) Abstract: Surgical devices and methods are described. The loading devices can include an elongate shaft (202) extending
distally from a housing (208) and a hinge (205) can be disposed between the elongate shaft and an articulating distal portion (204).
The articulating distal portion (204) can hold an end effector to be loaded onto a surgical device. The loading device can have fea-
tures for stabilizing and holding the distal portion at a particular angular position relative to the elongate shaft, such as washers (290,
292) having protrusions that seat in corresponding recesses (285) formed in the hinge. During articulation of the distal portion, an
articulation rack (268) can be advanced which can deform the protrusions on the washers. The washers can rotate and seat in the re -
cesses at the next angular position and change the degree of articulation. The deformable washer and corresponding recesses can ap -
ply a biasing force that holds the articulating distal portion in a desired angled position.
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ARTICULATING SURGICAL DEVICES AND LOADERS HAVING STABILIZING
FEATURES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application 1s related to U.S. Application No. 14/836,069, filed August 26,
2015, entitled "Surgical Bevice Having Actuator Biasing and Locking Features,” the disclosure

of which 13 incorporated herein by reference in is entirety.
FIELD

[0002] The present application relates to articulating surgical devices and loaders having

stabilizing features.
BACKGROUND

(00031  Surgical procedures are often used to treat and cure a wide range of diseases,
conditions, and injuries. Surgery often requires access to internal tissue through open surgical
procedures or endoscopic surgical procedures. The term “endoscopic” refers to all types of
mintmally mvasive surgical procedures including laparoscopic, arthroscopic, natural orifice

intraluminal, and natural orifice transtuminal procedures.

[0004] Endoscopic surgery has numerous advantages compared to traditional open surgical
procedures, including reduced trauma, faster recovery, reduced risk of infection, and reduced
scarring. Endoscopic surgery 1s often performed with an msufflatory fluid present within the
body cavity, such as carbon dioxide or saline, to provide adequate space to perform the intended
surgical procedures. The msufflated cavity 15 generally under pressure and 13 sometimes referred
to as being m a state of pneumoperitoneum. Surgical access devices are often used to manipulate
the patient’s internal tissue while maintaining pneumoperitoneum. For example, trocars are
often used to provide a port through which endoscopic surgical instruments are passed. Trocars
generally have an instrument seal which prevents the msufflatory flaid from escaping while an

mstrument 15 positioned n the trocar.

[0005] Various surgical instruments can be configured to manipulate tissue during an

endoscopic surgical procedure. Some surgical instruments can have a housing or handle portion,
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an elongate shaft, and an end effector that can be selectively coupled to the elongate shaft. In
certain aspects, the end effecior can be “modular,” 1.e., selectively attached and detached from
the shaft. While the modularity of the end effector can improve the device’s versatility, 1t can be
difficult to load an end effector onto a surgical device. In some instances, a loading device
separate from the surgical instrument that operates the end effector s used to deliver end
effectors to the surgical instrument. Certain loading devices are designed to have an articulating
distal portion that holds the end effector in a fixed position during the loading process. However,
the end effector and the distal portion of the loading device can undesirably move relative to the
shaft of the surgical device onto which the end effector is loaded. Still further, during some
surgical procedures it can be desirable to adjust an angle of the articulating distal portion of the
loader relative to the loader’s elongate shaft and/or the shaft of the mstrument on which the end
effector is being loading. Existing loading devices typically include cable or wire based
articulation systems that tension the cable/wire to articulate the distal portion of the loader and
these cable/wire based systems can cause undesirable relative motion between the end effector
and the shaft of the surgical device on which the end effector 1s being loaded. This can make «
ditticult to attach the end effector onto the distal end of the surgical device and to withdraw the
end effector from the loading device. In fact, in some instances, a user may think that the end
effector was properly loaded, only to discover after the surgical device 1s moved away from the
loader that the end effector and device were not properly aligned so the end effector was not

properly secured to the device.

[0006] Accordingly, there 13 a need for articulating surgical devices and loaders having

stabilizing features.
SUMMARY

[0007] End effector dehivery devices are provided that include stabihizing features that
facilitate loading an end effector onto a surgical device. In one exemplary embodiment, an end
etfector delivery device includes an elongate shaft having a lumen formed therem that extends
along a length of the elongate shaft. An articulation rack can extend through at least a portion of
the tumen of the elongate shaft, the articulation rack having teeth formed on 1t. The delivery

device can have an articulating delivery end coupled to a distal end of the elongate shaft, the

3]
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articulating delivery end having a hinge at which a distal portion of the articulating delivery end
is configured to pivot with respect to a proximal portion of the articulating delivery end. The
distal portion of the articulating delivery end can be configured to releasably hold an end
effector. The delivery device can include a pinion having teeth meshed with the teeth of the
articulation rack, the pinion being coupled to the hinge such that translation of the articulation
rack along a longitudinal axis extending through the elongate shaft rotates the pinion to change

an angle between the articulating delivery end and the elongate shaft.

[0008] The device can vary in any number of ways. For example, the device can mnclude first
and second deformable washers having a plurality of protrusions formed on an outer surface
thereof that frictionally engage a plurality of recesses formed on inner, opposed surfaces of the
proximal portion of the articulating delivery end. In some embodiments, each washer can
mclude a plurality of protrusions spaced apart along an outer surface of each washer. The
plurality of protrusions can be configured such that as the articulation rack 1s advanced, the
plurality of protrusions deform and allow the first and second washers to rotate until the plurality
of protrusions frictionally engage recesses of the plurality of recesses that are adjacent to the

recesses 1in which the plurality of protrusions were previously engaged.

[0009] The deformable washers can have various features. Each washer can have an opening
formed 1n 1t that defines an inner wall, the inner wall having a plurality of keys projecting from
the inner wall. In some embodiments, the plurality of protrusions on the washers can be spaced
apart along one henmusphere of the outer surface of each of the first and second washers such that
the angle between the articulating delivery end and the elongate shaft has a maxumum angle of
90 degrees with respect to the longitudinal axis extending through the elongate shaft In some

embodiments, the first and second washers can be formed from an elastic material.

[0010] The deformable washers can be disposed at various locations on the delivery device.
For example, the first and second washers can be offset from the longitudinal axis extending
through the elongate shaft. A shaft can extend through the pinion and through the first and
second washers and can be configured so that rotating the pinion in a first direction also rotates

the first and second washers 1n the first direction.
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[0011] The end effector delivery device can include features that facilitate articulation of the
delivery end relative to the elongate shaft. For example, one or more driving pinions can be
coupled to a proxumal end of a driving rack, the one or more driving pinions having teeth meshed
with the teeth of the driving rack. Rotation of the one or more driving pinions can effect
translation of the articulation rack along the longitudinal axis extending through the elongate
shaft. The delivery device can further include a housing from which the elongate shaft extends,
the housing having an actuator configured to translate the articulation rack along its longitudinal

AX1S.

[0012] In another exemplary embodiment, an end effector delivery device includes an elongate
shaft having proximal and distal ends and a central longitudinal axis. The device can include a
hinge having a proximal portion, a distal portion, and a pivot at which the distal portion of the
hinge pivots relative to the proximal portion of the hinge. The proxiumal portion of the hinge can
have a proximal end coupled to the distal end of the elongate shaft and a distal end with first and
second opposed arms. First and second deformable washers having a plurality of protrusions
formed on the washers” outer surfaces can frictionally engage a plurality of recesses formed on
inner surfaces of the first and second opposed arms.  An end effector delivery end can be coupled
to the distal portion of the hinge and can be configured to releasably hold an end effector. When
the distal portion 15 being articulated, an angle between the end effector delivery end and the
elongate shaft changes when at least some of the plurality of protrusions of the first and second
deformable washers deform and move to different recesses of the plurality of recesses of the first

and second opposed arms.

[0013] The deformable washers can have various features. For example, each washer can
nclude an opening formed 1n 1t that defines an inner wall, the inner wall having a plurality of
keys projecting from the 1nner wall and spaced radially along the inner wall. In some
embodiments, the plurality of protrusions on the washers can be spaced apart along one
hemisphere of the outer surface of each of the first and second deformable washers such that an
angle formed between the proximal and distal portions of the hinge has a maximum angle of 90

degrees with respect to a longitudinal axis of the proximal portion of the hinge.
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[0014] The delivery device can further include an articulation rack coupled to a toothed pinion,
the toothed pinion being coupled to the pivot such that distal advancement of the articulation
rack rotates the toothed pinion and the first and second washers about a central rotational axis of
the pivot to adjust an angle between the proximal and distal portions of the hinge. The end
effector delivery device can have an unarticulated position in which the distal portion of the
hinge 1s coaxial with the elongate shaft. In some embodiments, when the distal portion of the
hinge 1s in an articulated position, a frictional force applied by the first and second deformable
washers to the distal portion of the hinge can be greater than the frictional force applied by the

first and second deformable washers when the distal portion is in the unarticulated position.

[0015] An exemplary surgical method includes articulating a distal portion of a loading device
having an end effector removably coupled to it relative to an elongate shaft of the loading device
using a rack-and-pinion. An angle between the distal portion and the elongate shatt can be
maintained by a biasing force applied by washers disposed in a hinge coupled between the
elongate shaft and the distal portion of the loader. The surgical method can include loading the

end effector onto a surgical device.

[0016] The method can vary in any number of ways. For example, the washers can include a
plurality of deformable protrusions formed on an outer surface thereof that can apply the biasing
force to the hinge. In some embodiments, a plurality of recesses formed in the hinge can be
engaged by the deformable protrusions when the biasing force is applied, and the deformable
protrusions can be configured to move to different recesses of the plurality of recesses as the
angle between the distal portion and the elongate shaft is adjusted. The method can further
include adjusting the angle formed between the distal portion and the elongate shaft by applying
a force via the rack and pinion that s sufficient to overcome the biasing force applied by the

washers,
BRIEF DESCRIPTION OF DRAWINGS

100171 This disclosure will be more fully understood fror the following detailed description

taken in conjunction with the accompanying drawings, in which

(]
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[0018] FIG. 1 1s a perspective view of exemplary embodiments of a surgical device and a
loading device prior to loading an end effector contained in the loading device onto the surgical

device;

[0019] FIG. 2A 1s a side view of a distal mating feature of the elongate shaft of the surgical
device of FIG. 1,
[0020]  FIG. 2B 1s a side view of the distal mating feature of FIG. 2ZA having an obturator

extending distally therethrough;

[0021] FIGS. 3A-3D are perspective view of various end effectors that can be coupled to the

elongate shaft of the surgical device of FIG. 1;

[0022] FIG. 4 15 a perspective view of the loading device of FIG. 1 which can be used to load

an end effector onto the surgical device of FIG. §;

(00231 FIG. SA 1s a perspective view of internal actuation components of the loading device of

FiG 4,

[0024] FIG. SB s a semi-transparent, detailed perspective view of some of the articulation

control components of FI(G. SA;

(00251 FIG. SC is an exploded view of the internal actuation components of the loading device

of FIG. 5A;
[0026] FIG. 6A 1s a perspective view of a hinge portion of the loading device of FIG. 4;

(00271 FIG. 6B 1s an exploded view of the hinge portion of FIG. 6 A illustrating various
stabilization components such as a rotatable gear, first and second deformable washers, and an

articulation rack;

[0028] FIG. oC is a perspective view of one deformable washer of FIG. 6B having a plurality

of protrusions formed thereon;
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[0029] FIG. 6D s a perspective detailed view of a proximal coupler of the hinge portion of
FIG. 6B, the coupler having a plurality of recesses configured to receive the protrusions of the

deformable washers of FIG. 6B;

[0030] FIG. 6F s a cross-sectional view of the coupler of FI(. 6A taken along the line E-E,

the coupler being mated with a rod that holds the first and second deformable washers;

[0031] FIG. 6F 1s a perspective, partial view of the hinge portion of FIG. 6B including the

articulation rack engaged with the rotatable gear;

[0032] FIG. 7A 1s a perspective view of a delivery end of the loading device of FIG. 1 being

positioned adjacent to and axially aligned with an elongate shaft of the surgical device of FIG. 1;

[0033] FIG. 7B 1s a perspective view of the loading device presenting a proximal end of an end

effector to the elongate shaft of the surgical device of FIG. 7A;

[0034] FIG. 7C 15 a perspective view of the elongate shaft of the surgical device engaging with

the end effector on the loading device of FIG. 7B; and

(00351 FIG. 7D is a perspective view of the end effector having been removed from the

delivery end of the loading device and being coupled to the surgical device of FIG. 7A.
DETAILED DESCRIPTION

[0036] 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 emnbodiments are dlustrated 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-linuting
exemplary embodiments and that the scope of the present invention 1s defined solely by the
claims. The features illustrated or described in connection with one exemplary embodiment may
be combined with the features of other embodiments. Such modifications and varnations are
mtended to be inchuded within the scope of the present mvention. Further, to the extent features,
sides, or steps are described as being “first” or “second,” such numerical ordering 1s generally
arbitrary, and thus such numbering can be interchangeable. Additionally, to the extent features

7
/



WO 2017/034844 PCT/US2016/047020

are described as being “upper” or “lower,” these terms are relative and are not meant to himit the

orientation of the devices and their respective components.

[0037] Loading devices configured to load an end effector onto a surgical device are described.
The devices generally include a housing having an actuator, an ¢longate shaft extending distally
from the housing, and a distal articulating portion that can be positioned at various angles
relative to the elongate shaft. The articulating distal portion of the loading device can also be
configured to selectively couple to or otherwise hold an end effector to be loaded onto a surgical
device. The loading devices can include features for stabilizing and holding the distal
articulating portion at a particular angular position relative to the shaft. In some embodiments,
these features can be disposed distal to the elongate shaft, such as part of a joint assembly. The
joint assembly can include first and second deformable washers having protrusions that can seat
i corresponding recesses formed in the joint assembly. The deformable washers can apply a
biasing force that can hold the distal articulating portion in a desired angled position with respect
to the elongate shaft of the loading device. Thus biasing force can also prevent the angle of the
articulating distal portion from changing during a surgical procedure until a driving mechanism
of the loader 1s engaged by a user. An nternal drive mechanism can be operated to apply
sufficient force to deform the washers and rotate the washers to the next rotational position to
change the angle of the articulating distal portion relative to the elongate shaft of the loader.
Further, the loading device can include teatures that indicate when the distal portion is

articulated, and, optionally, the angle of the articulation.

[0038] FIG. 1 shows an exemplary end effector loading/delivery device 200 that includes a
housing or handle 208 and a shaft 202 extending distally therefrom. The loading device 200 has
an articulating distal portion 204 (also referred to herein as a delivery end) controlled by one or
more actuators, such as actuator 206, A pivot joint 205 can couple the articulating distal portion
204 to the shaft 202 and the tube 204 can be angulated relative to the shaft 202 by engaging
actuator{s) on the housing 208, As will be discussed in greater detail below, the loader 200 can
be configured to releasably hold an end effector 30 and to present the end effector 30 to a
surgical mnstrument. In the llustrated embodiment, when the end effector 30 ts coupled to the
loading device 200, a tube 212 of an end effector 30 1s positioned adjacent to the articulating

distal portion 204 of the loading device 200.
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[0039] FIG. 1 also shows an exemplary surgical mstrument or device 100 that can couple to
the end effector 30 disposed in the loader 200. The device 100 can have a housing or handle
portion 102 and an outer elongate shaft 104 extending distally from the housing 102, the shaft
104 having a distal end 104d configured to have an end effector selectively coupled to it. The
elongate shaft 104 can extend from a distal, upper portion of the housing 102, The housing 102
can include a closure actuator 106, such as a pivotable trigger, that is configured to move relative
to the housing 102 and to a stationary handle 103 to actuate an end effector when an end effector

is coupled to the shaft 104

[0040] The surgical device 100 can include various components that facilitate use of the device
during a surgical procedure. For example, the housing 102 can include a locking switch 108 that
can be selectively activated to lock the closure actuator 106 1n a fixed angular position relative to
the housing 102, By way of further example, the housing 102 can include a knob 110 configured
to rotate the elongate shaft 104 and thus an end effector coupled thereto. Still further, the device
100 can include both intermediate and inner shafis 128 and 138, respectively, (shown 1n FIG.
2B) disposed within the elongate shaft 104 and being configured to move proxumally and distally
relative to the elongate shaft 104, As will be described in greater detail below, both the
intermediate and inner shafts 128, 138 can be used to assist in mating end effectors to the

elongate shaft.

[0041] FIGS. 2A and 2B illustrate the distal end 104d of the shaft 104 in greater detail,
including exemplary attachment mechanisms located at the distal end 1044 of the elongate shaft
104 so that an end effector (not shown) can be mated to the shaft 104, The attachment
mechanisms can form a loading zone 10 for loading an end effector. While the attachment
mechanism can vary, in the dlustrated embodiment a circumferential groove 126 can be
positioned around an outer surface of a distal portion of the shaft 104, First and second arms
128a, 128b can project distally from the distal end 104d of the shaft 104 and can be coupled to or
otherwise integrally formed on an intermediate shaft 128, The arms 128a, 128b can be axaally
shdable relative the elongate shaft 104 and can be resiliently deflectable medually into the gap.
The arms 128a, 128b can each have a mating feature, which 1 this embodiment 1s a stepped

lateral notch 1304, 130h.
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[0042] A distal tip 138d of an inner shaft 138 (shown as a shaded region in FIG. 2B) can be
positioned medially relative to the arms 128a, 128b and can be axially slidable relative to the
arms 128a, 128b. More specifically, the distal tip 138d of the mnner shaft 138 can slide between
an unlocked position in which the distal tip 1384 of the inner shaft 138 1s proximal to the arms
128a, 128b, 1.e., proximal of the loading zone 10, allowing medial deflection of the arms 128a,
128b (as shown in FIG. 2A), and a locked position in which the distal tip 138d of the inner shaft
138 is aligned with or distal to the arms 128a, 128b, 1.e., aligned with or distal of the loading
zone 10, and to prevent medial deflection of the arms 128a, 128b (as shown in FIG. 2B). In
certain aspects, the inner shaft 138 and the arms 128a, 128b can shide independently along a
longitudinal axis L of the elongate shaft 104, As shown in the embodiment of FIG. 2B, the distal
tip 138d of the inner shaft 138 is also referred to herein as an obturator tip which can be pointed
and/or sharpened such that the distal tip 138d can pierce through tissue. In the illustrated
ernbodiment, the distal ends of the arms 128a, 128b and the distal end 104d of the elongate shaft
104 can taper from a proximal-to-distal direction and this can facilitate passing the arms 128a,
138b and the elongate shaft 104 through an mcision {(not shown), such as an incision formed by
the distal tip 138d. As will be appreciated by persons skilled in the art, the distal tip 138d of the
mtermediate shaft need not be sharpened or pointed and the cuter and mtermediate shafis can
melude various types of attachment mechanisms for mating with an end effector and need not

mclude a taper, grooves, etc.

(00431 FIGS. 3A-3D provide non-limiting examples of end effectors that can be attached to the
mstrument 100, All or some of the end effectors can be provided n a kit 50 a surgeon can
mterchange the end effectors as needed for a particular surgical procedure. FIG. 3A illustrates a
bi-polar jawed end effector 130 having first and second jaws 132a, 132b, FIG. 3B illustrates a
cutting shears end effector 130" having first and second jaws 132a’, 1320, FIG. 3C illustrates a
Maryland dissector end 1307 effector having first and second jaws 132a”, 132b”, and FI(. 3D
lustrates an ultrasonic shears end effector 130" having first and second jaws 13237, 132b"".
Fach of the end effectors 130, 130', 130", and 130" can have a proximal opening formed 134,
1347 1347, 134'" therein that can be configured to mate with attachment mechamsms of the
mtermediate shaft and the outer shaft. For example, the openings 134, 1347, 134" and 134""can
be sized and shaped to extend over the first and second arms 128a, 128b of FIGS. 2A and 2B.
While the tllustrated end effectors 130, 1307, 130", and 130" have cooperating jaws, the end

10
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effectors 130, 1307, 130", and 130" need not include jaws and/or the effectors could also include
hook knives, snares, and the like. As will be appreciated, any of the end effectors 13¢, 1307,
1307, and 130" can also be configured to transmit energy to tissue and in these embodiments the
housing and the shaft of the surgical instrument can have appropriate energy transmission
mechanisms. For example, appropriate electrical connections can be added to the bi-polar jawed
end effector 130 'of FIG. 3A and can extend through the elongate shaft 104, Similarly, an
ultrasonic transducer and waveguide can be added to the ultrasonic shears end effector 130" of

FiG. 3D.

[0044] End effectors such as those illustrated in FIGS. 3A-3D can be mated to the elongate
shaft 104 in a variety of ways. For example, a proximal end of the end effector can be positioned
adjacent to the distal end of the elongate shaft and the inner and/or intermediate shafts can be
manipulated to hold the end effector in a fixed position on the elongate shaft 104 and to allow a
user to open and close jaws of the end effector by operating the closure actuator 106, U.S. Patent
Application Publication No. 201 1/0087267 entitled “Method for Exchanging End Effectors in
Vivo,” and U.S. Patent Application Serial No. 14/836,069 entitled “Surgical Device Having
Actuator Biasing and Locking Features” and filed on August 26, 20135, are incorporated by
reference herein in their entirety and provide other exemplary end effectors that can be mated to
the surgical device 100, and ways by which end effectors can be mated to a surgical device. By
way of non-hmiting example, in some embodiments, an end effector can be coupledtoa
coupling {not shown, by described n greater detail in the above-referenced patent application
disclosures) at one end of the coupling, and the other end of the coupling can be attached to the
elongate shaft 104 such that the coupling 1s an intermediary piece that couples the end effector to

the surgical device 100,

[0045] The loading device 200 of FIG. 1 15 shown in greater detail in FIG. 4. The loader 200
can have a rigid and substantially straight outer shaft 202 as shown, or the shaft 202 can be
curved and/or flexible, which would be beneficial for introducing the shaft 202 into a natural
orifice. The articulating distal portion or delivery end 204 can be controlled by one or more
actuators, such as the slider 206 disposed on the handle 208 of the loader 200, As will be
appreciated, the distal portion 204 can be articulated prior to or after it 1s inserted mto a surgical

site. The pivot joint 205 can couple the articulating distal portion 204 to the shaft 202, The

11
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distal portion 204 can be angulated relative to the shaft 202 by engaging the shider 206 and

moving the shider 206 relative to the housing 208

[0046] As previously mentioned, the loader 200 can be configured to hold an end effector (not
shown) therein and to present the end effector for loading onto the shaft 104 of the instrument
100 of FIG. 1. As will be appreciated, anv end effector can be used including the end effectors
shown m FIGS. 3A-3D. The distal portion 204 can include one or more engagement features
{not shown} for holding an end effector {not shown) therein. While the engagement feature may
vary, in an exemplary embodiment a plurality of leaf springs {not shown) can be disposed within
the distal portion 204 and can provide an interference fit with an end effector to frictionally hold
the end effector in the distal portion 204 of the loader 200. In the illustrated embodiment, when
an end effector 15 loaded in the distal portion 204, a distal end of the end effector is positioned
closest to the pivot joint 205, This arrangement prevents the jaws (not shown} of the end effector

from opening when the end effector is positioned within the distal portion 204 of the loader 200.

100471 The housing 208 of the loading device 200 can have various configurations. For
example, the housing 208 can include one or more recesses and/or can be contoured along a
proximal, lower surface 211 thereof to facilitate being grasped by a user’s hand. The
actuator/slider 200 can also be contoured along outer surface thereof or can include a recess or
depression 207 having one or more surface features that facilitate friction between a user’s
fingers and/or thumb and the shider 206. An elongate track 214 can be formed on a central,
upper surface of the housing 208 and the shider 206 can move proximally and distally along the
track 214. As shown in FIG. 4, the track 214 can include a plurality of markings spaced at equal
distances apart along the track 214, such as five markings 216a, 216b, 216¢, 2164, 216e. Though
not shown, each of the markings 216a, 216b, 216¢, 216d, 216e can be labeled to assist a user
with monitoring a degree of articulation of the articulating distal portion 204 relative to the
elongate shaft 202, For example, proximal marking 216e can be labeled 0 degrees and second
marking 216d that is adjacent and distal to the proximal marking 216¢ can be labeled 30 degrees.
For another example, in loading devices where the articulating distal portion 1s configured to be
angled in two different directions relative to the elongate shaft, a central marking {such as the
marking 216¢) can be labeled 0 degrees to indicate that the distal portion ts axially aligned with

the elongate shaft. In some embodiments, the proximal markings can be labeled with positive
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angles and the distal markings can be labeled with negative angles to reflect both the degree of
articulation of the distal portion as well as the direction of articulation.  As will be appreciated,
the number of markings, the particular spacing between the markings, and the degree of
articulation of the distal portion 204 relative to the shaft 202 can vary but can be generally
selected so that the when a distal end 206d of the slider 206 is positioned adjacent to one
marking, the marking corresponds to and accurately informs a user as to the degree of

articulation of the distal portion 204,

[0048] FIGS. SA-5C illustrate the housing 208 of the loading device 200 1n greater detail.
Beginning with the actuator shider 206, the actuator shider 206 can have an external portion 220
that can be positioned outside of and external to the housing 208 and directly contacted by a user.
An internal portion 222 of the slider 206 can mate with various internal actuation components.
For example, the internal portion 222 of the slider 206 can have a first lateral recess 224 that can
recetve an actuator rack 226 therebetween and a second lateral recess 228 that can engagea
shider detent spring 230 that can engage with one or more recesses, such as engaging with two
detents 231a, 231d to frictionally hold the shider 206 in its current position even as the distal
portion 204 (not shown) of the loader 200 15 being articulated. Detents 231a, 231b, 231¢, 2314,
231e are shown 1n FIG. 5C, though there can be any number of detents formed in the housing
208. These recesses or detents can also provide tactile and/or audible feedback to a user to
indicate that the shider 206 13 locked relative to the track 214, The locking of the slider 206
relative to the track 214 permits incremental articulation of the distal portion 204 relative to the
elongate shaft 202 and can also prevent back drive of the distal articulation portion 204 that
might otherwise occur when forces are applied to the distal portion 204 during a surgical
procedure. The actuator rack 226 can be disposed in the housing 208 and can have a rectangular
cross-sectional shape with teeth 232 formed on at least one of its outer surfaces. As shown n
FIG. 5B, when the actuator rack 226 1s received in the first lateral recess 224 of the shider 206,
the teeth 232 can be oriented toward the fower surface of the housing 208 The slider 206 and
the actuator rack 226 can move together as a unit such that moving the slider 206
proximally/distally along the track 214 causes the actuator rack 226 t¢ move in the same

direction.
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[0049] The actuator rack 226 can interact with other actuation components to facilitate
articulation of the distal portion 204 of the loader 200. As shown in FIG. 5A, a first drive gear
240 can be disposed 1n the housing 208, can mesh with the actuator rack 226, and can rotate
about a first gear shaft 234, The first gear shaft 234 can be received 1n and can rotate relative to
a first shaft recess 236 formed in the housing 208. The first drive gear 240 can be laterally offset
from a central longitudinal axis Lg extending through the housing 208 and through the elongate
shaft 202 of the loader 200, A first pinion 242 can rotate along with the first drive gear 240 on
the first gear shaft 234 and can also be laterally offset from the central longitudinal axis Ls. The
first pinion 242 can mesh with a second drive gear 250 disposed on a second gear shaft 254, the
second gear shaft 254 being received in and configured to rotate relative to a second shaft recess
256 formed 1n the housing 208, A second pinion 252 can be disposed on the second gear shaft
254 and the second pituon 252 can rotate with the second drive gear 250. The second pinion 252
can be axially aligned with the central longitudinal axis Ls and can mesh with teeth 268 formed
on the driving rack 266 such that rotational motion of the pinion 232 causes the rack 266 to
advance linearly in a proximal or distal direction. The first and second drive gears 240, 250 can
have the same diameter and number of teeth or in other aspects can have different diameters
and/or number of teeth such that the rotation is mechanically advantaged. As will be

appreciated, the particular gear mechanisms in the housing 208 can vary.

[0050]  As shown in FIG. 5C, the housing 208 can include first and second portions 208a, 208b
that can be selectively detached from one another to reveal the mternal actuation components.
Such a configuration 1s also conducive to fixing, cleaning, or replacing components disposed in
the housing 208, or for doing the same to the housing 208 iself. FIG. 53C also illustrates the
outer elongate shaft 202 of the loading device 200, which can be received m an elongate opening
256 formed in the housing 208, the opening 256 extending along the central longitudinal axis Lg.
A rack guide 258 can be disposed within the elongate shaft 202 and can extend distally from the
housing/handle portion 208, The rack guide 258 can have a substantially elongate cylindrical
shape that allows the rack guide 258 to be disposed within and remain fixed relative to the
elongate shaft 202, The rack guide 258 can have a recess formed thereon, such as a rectangular
shaped cutout formed along a longitudinal length thereof, sized and shaped to receive the driving
rack 266. The driving rack 266 can have teeth {not shown} formed on a first lateral surface. The
driving rack 266 can be longer than the elongate shaft 202 such that the driving rack 266 can
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extend between and move relative to the elongate shaft 202 and the housing 208 to articulate the

articolating distal portion 204 (not shown).

[0051] FIGS. 6A-6F illustrate components of the pivot jomt or hinge 205 and their interaction
with the driving rack 266 that extends from the housing 208. A distal portion 266d of the driving
rack 266 can have the teeth 268 disposed on a surface that faces toward the slider 206 {not
shown) and faces toward an upper surface of the housing 208 (not shown}. As will be
appreciated, the driving rack 266 can couple from the housing 208 to the pivot joint 205 or one
or more intermediate rods or racks can extend through the elongate shaft 202 and operably
couple the driving rack 266 to the mternal actuation components of the housing 208. The distal
portion 266d of the rack 266 can be received in an elongate opening 267 formed in a coupler 270
that forms a proximal portion 205p of the pivot joint 205, The coupler 270 can have a proximal
end 270p and a distal end 270d, the proximal end 270p of the coupler 270 mating with the distal
end 202d of the elongate outer shaft 202. The distal end 270d of the coupler 270 can have first
and second arm portions 272, 274 defuung a substantially U-shaped space 276 therebetween for
recetving articulation mechanisms that allow the distal portion 204 to pivot about the pivot joint
205 and hold the distal portion 204 in an articulated position. For example, the articulation
mechanisms can include a modified spur gear 278 (which can also be referred to as a modified
pinton 278} having teeth 280 formed around a first portion of 1ts outer circumference and having
substantially planar surface 282 formed around a remaining portion of the outer circumference of
the gear 278, The teeth 280 of the spur gear 278 can be spaced apart along about 50 % to about
75 % of the circumference of the gear 278, although other configurations including those n

which the teeth are formed along the entire circumference of the gear 278 are possible.

[0052] The pivot joint 205 can include first and second deformable washers 290, 292, as
shown in FIGS. 6B and 6C, and the washers 290, 292 can act as secondary holding features to
the spur gear 278 to hold the loader 200 1 an articulated position. The washers 290, 292 can
each have central openings 291, 293 extending therethrough. A plurality of protrusions 295, 297
can be formed around and spaced along a first hemisphere of an outer face each of the washers
290, 292 and a second hemusphere of the outer face of each of the washers 290, 292 can be
substantially planar and smooth, lacking any protrusions. As shown in FIG. 6C, the first washer

290 can include the protrusions 295 spaced apart by planar portions 279, which can be on the
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same plane as the second hemisphere of the washer 290, The protrusions 295, 297 can have a
substantially triangular cross-sectional shape, as shown, or can be shaped in various other ways.
The protrusions 295, 297 can be equal to or slightly larger in size than the plurality of recesses
formed 1n the arm portions 272, 274 of the coupler 270 (such as the plurality of recesses 283a,
285b, 285¢, 285d, 285e, 285f shown in FIG. 6D) so that the protrusions 295, 297 of the
respective washers 290, 292 frictionally engage with the respective recesses and apply a biasing
force that holds the washers 290, 292 i position relative to the arm portions 272, 274, As also
shown in FIG. 6C, the protrusions 295, 297 can have a longitudinal height at an outer
circumference of the respective washer that is greater than a longitudinal height at an inner
circurnference of the washer such that the protrusions are cone-shaped, and this can result inan
increased biasing force than if the protrusions had a symmetrical shape. As will be explained in
greater detail below, the arrangement of the plurality of protrusions 295, 297 on only one
hemusphere of each of the washers 290, 292 in the illustrated embodiment can permut 90 degrees
of articulation of the articulating distal portion 204 relative to the elongate shaft 202 of the loader

200,

(00531 The washers 290, 292 can be formed from various different materials configured to
allow the respective protrusions 2953, 297 to deform. For example, the washers 290, 292 can be
formed from an elastic material and can mclude one or more elastomers. Exemplary materials
used to form the washers 290, 292 include, by way of non-limiting example, ISOPLAST®,

Isoprene, and Santoprene.

[0054] Referring back to the coupler 270 shown in FIG. 6B, an opening 284, 286 can be
formed 10 each of the first and second arm portions 272, 274 of the coupler 270, respectively,
and can extend through inner and outer surfaces of the arm portions 272, 274, The opernungs 284,
286 can be formed on a lower portion of the arm portions 272, 274 that 15 below the central
longitudinal axis Lg which also extends centrally through the coupler 270 such that the openings
284, 286 are offset from the central longitudinal axis Lg. The opemings 284, 286 can be
substantially circular-shaped or can be shaped n other ways known to those skilled in the art. A
plurality of recesses can be formed on the inner surface of the first and second arm portions 272,
274 around an entire circumference of each of the openings 284, 286 or arcund a portion of the

circumference of the openings 284, 286, For example, FIG. 6D shows the first arm portion 272
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having a plurality of recesses 285a, 285b, 285¢, 285d, 285e, 285f sized, shaped, and configured
to recetve the protrusions of the first washer. The second arm portion 274 can have identical
plurality of recesses as the first arm portion 272 {the plurality of recesses on the second arm
portion 274 are not visible in FIG 6D). The plurality of recesses on the second arm portion 274
can mate with the protrusions of the second washer. The plurality of recesses can be formed on a
lower portion of the coupler 270. There can be the same number of recesses as the number of
protrusions formed on each of the washers 290, 292 or there can be a larger number of recesses
than the number of protrusions. In embodiments where there a larger number of recesses, this
can allow the respective washer 290, 292 to hold the articulating distal portion at an angle with a
biasing force that is the same as when the washer 290, 292 1s in tts first, resting position in which
the distal articulating portion 204 is axially aligned with the elongate shaft 202 of the loader 200,
In other embodiments, the first and second arm portions 272, 274 of the coupler 270 need not
include the plurality of recesses and nstead the protrusions 295, 297 of the washers 290, 292 can
engage directly with other surface features formed on the arm portions 272, 274 and/or with a
relatively smooth surface of the arm portions 272,274, with enough friction being generated
between the protrusions 293, 297 and the surface and/or surface features of the arm portions 272,
274 to mamtain a desired location of the articulating distal portion 204 with respect to the
elongate shaft 202, The recesses can also give a user tactile feedback as to when the protrusions
295, 297 of the washers 290, 292 engage with one or more of the recesses at the next rotational

position.

[0055] The washers 290, 292 and the spur gear 278 can be positioned between the first and
second arm portions 272, 274 of the coupler 270 as shown m FIG. 6E. Their respective central
opemings can be axially aligned with the openings 284, 286 formed m the arm portions 272, 274
and the spur gear 278 can be positioned between the first and second washers 290, 292, A rod or
pin 289 can be inserted through the opening 284 in the first arm portion 272, through the central
opemngs of the first and second washers 290, 292 and the spur gear 278, and through the
opening 286 in the second arm portion 274, The rod 289 can thus mate these articulation
components to the coupler 270 and serve as the pivot of the pivot joint 205 As best shown in
FIGS. 6A, the rod 289 and the washers 290, 292 can be offset from and positioned below the
central longttudinal axis Lg. The rod 289 can inchude a plurality of keys 299 formed along an

outer surface thereof that can mate with corresponding recesses formed on an inner wall of each

1
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of the washers 290, 292 (FIG. oC ilustrating planar portions 283 and protrusions 281 on the
mner wall of the opening 291 of the washer 290} so that rotating the rod 289 causes

corresponding rotation of each of the washers 290, 292.

[0056] As shown in FIGS. 6A and 6B, a distal portion 2054 of the pivot joint 205 can include
first and second pivotable hinge portions that can pivot as the spur gear 278 and the deformable
washers 290, 292 are rotated. For example, a first hinge portion 249 and a second hinge portion
251 can be detachable and can have a substantially cylindrical shape when positioned in a side-
by-side relationship. The first and second hinge portions 249, 251 can be received in the space
276 between the first and second arm portions 272, 274 of the coupler 270. The first and second
hinge portions 249, 251 can each have lateral planar surfaces 253, 255 formed therein configured
to recetve the driving rack 266. Each of the first and second hinge portions 249, 251 can have an
opening {not shown) formed in a proximal portion thereof and extending through and being
perpendicular to outer and imner surfaces of the respective hinge portion. The openings can be
contigured to engage one of the first and second washers 290, 292 in a fixed mating relationship
with the respective hinge portion 249, 251 such that rotation of the washers 290, 292 causes

corresponding pivoting of the hinge portions 249, 251 relative to the coupler 270

[00571 The first and second hinge portions 249, 251 can be configured to mate with various
components to form the articulating distal portion 204. In the illustrated embodiment, a distal
portion of each of the first and second hinge portions 249, 251 can each have a protrusion 257,
259 configured to mate with a corresponding slot formed on the distal end of an end effector (not
shown). In the illustrated embodiment, the protrusion 257, 259 of the hinge portions 249, 251
mate with a tube 261 having two L-shaped slots (a first slot 263 shown in FIG. 6A and a second
slot in the hinge portion 249 hidden trom view) to form a bayonet connection. As will be
appreciated, various other types of mating features can be used to couple the hinge portions 249,
251 to the tube 261, such as snap connections, threaded connections, and the like. In the
Hhustrated embodiment, the tube 261 can couple to an end effector (not shown) and the tube 261

and the end effector can form the distal articulating portion 204 of the loader 200,

[00S8] FIG. 6F shows portions of the articulation mechanisms inchuding the driving rack 266,

the second hinge portion 251, and the tube 261 (the elongate shaft 202, the coupler 270, and the
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first hinge portion 249 of the loader 200 being hidden from view}. The distal portion 266d of the
driving rack 266 can mesh with the teeth 280 of the spur gear 278. The planar surface 282 of the
spur gear 278 can contact a stop 251s formed in the second hinge portion 251, the stop 251s
being defined along a distal surface of the recess 253 of the second hinge portion 251, The first
hinge portion 249 can include a corresponding stop (not shown). This arrangement can allow
proximal/distal movement of the driving rack 266 to rotate the spur gear 278 via the teeth 268 of
the driving rack 266 engaging and meshing with the teeth 280 of the spur gear 278. Rotation of
the spur gear 278 can cause corresponding rotation of the hinge portions 249, 251 because of the
stops in the hinge portions 249, 251 contacting the planar surface 282 of the spur gear 278
Proximal movement of the driving rack 266 can rotate the spur gear 278 m a counter clockwise
direction Dy and distal movement of the driving rack 266 can rotate the spur gear 278 n a
clockwise direction [y relative to the longitudinal axis Ls. This can cause corresponding rotation
of the first and second washers 290, 292. Because the first and second washers 290, 292 are
fixed relative to the first and second hinge portions 249, 251, the rotation of the washers can
cause the first and second hinge portions 249, 251 to pivot in the direction of rotation relative to
the elongate shaft 202. The tube 261 can be coupled to and positioned distal to the second hinge
portion 251 via the slot 263 that receives the protrusion 259 of the second hinge portion 251,

The tube 261 can also pivot along with the first and second hinge portions 259, 261 due to this

fixed mating relationship.

[0059] A method for performing a surgical procedure can include passing the elongate shatt
104 of the surgical mstrument 100 through a first incision 300 as shown in FIG. 7A. The first
meision 300 can be a percutaneous mncision formed at least partially by a puncture formed with
the distal obturator tip of the mner shaft (not shown) or the incision can be formed using a
separate instrument.  As the elongate shaft 104 passes through the mncision 300 in a tissue wall
302. An end effector can be selected from a plurality of end effectors provided in a kit {(though
the description below refers to the end effector 130, any end effector can be used) and the
loadhing process can begin as in FIG. 7A. The end effector 130 can be loaded ex vive into the
distal end of the loader 200. In this example, the end effector 130 has tissue grasping jaws, but
as previously mentioned a variety of other end effectors could also be used. The distal end of the
loader 200 with the end effector 130 loaded therein can be passed through a second incision 400

formed in a tissue wall 402 as shown. The second mciston 400 can also be percutaneous incision
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spaced from the first incision 300. If pneumoperitoneum is desired, the ncisions 300, 400 can
have instroment seals such as by positioning a trocar in each incision and inserting the surgical
mstrument 100 or loader 200 through the trocar. In other embodiments, trocars need not be used
and instead the resilience of the tissue can form a seal around the shaft 104, 202 of the

mstrument 100, 200 without the aid of a separate trocar or sealing device.

[0060]  The tissue wall anatomies will vary based on the surgical procedure, but some non-
Iimiting examples include percutaneous incisions extending into the abdomen, thorax, or pelvis.
The incisions 300, 400 can be formed with a cutting or puncturing instrument and will typically
be spaced apart from one another. The tissue walls 302, 402 can be the same or different
anatomies. For example, tissue walls 302, 402 can both be the abdomunal wall. In another
example, the tissue wall could be an organ (e.g., stomach, colon, esophagus, etc.) accessed
through a natural orifice, while the mcision in tissue wall can be percutaneous. In yet another
example, the first incision 300 can provide access to the abdomen, while the second incision 400
can provide access to the pelvis. The surgical end effector 130 can be selectively attachable in
vivo and detachable in vivo to the attachment mecharnism/loading zone located at the distal end of
the elongate shaft 104 of the mstrument 100. For in vivo attachiment, the loader 200 can hold the

end effector 130 during attachment to and detachment from the surgical instrument 100

[0061] The distal portion 204 of the loader 200 1s typically mitroduced and removed through an
incision in-line with the shaft 202 and then articulated about the jomnt 205 in vivo to align the end
effector 130 with the shaft 104 of the surgical instrument 100, In another embodiment, the end
effector 130 can be loaded ex vivo onto the distal end 104d of the shaft 104 and then mtroduced
into the surgical field through the first incision 300, In both examples, one or more engagement
features 217 can hold a distal end (not shown) of the end effector 130 in a fixed position relative
to the articulating distal portion 204 even as the distal portion 204 15 angulated relative to the

elongate shaft 202 of the loader 200.

(00621 To articulate the distal portion 204 of the loader 200, a user can engage the actuator 206
on the housing 208 of the loading device 200 and can move the actuator 206 proximally or
distally along the track 214 until the shider detent spring 230 engages with one or more recesses

{such as engaging two of the detents 231a, 231b, 231¢, 2314, 231e formed on an mnner surface of
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the housing 208). The detent spring 230 engaging with the detents can frictionally hold the
slider 206 1n its current posttion. Movement of the slider 206 in this first direction can cause
corresponding movement of the actuator rack 226 in the same, first direction. For example,
distal movement of the slider 206 and of the actuator rack 226 can rotate the first gear 240 and
the first pinion 242 in a clockwise direction and can cause the second gear 250 and the second
pinion 252 to rotate in a counter clockwise direction. Because the second pinion 252 contacts
the teeth 268 of the driving rack 266, counter clockwise rotation of the second pinion 252 will

drive the driving rack 2606 distally.

[0063] Dustal translation of the driving rack 266 can rotate the spur gear 278 in a clockwise
direction. The planar surface 282 of the spur gear 278 can remain in contact with the stops on
each of the first and second hinge portions 249, 251 {(such as the stop 251s shown 1n FIG. 6E).
The force from the driving rack 266 and the contact between the spur gear 278 and the hinge
portions 249, 251 can eventually cause the protrusions 295, 297 on the washer 290, 292 to
deform, alfowing the washers 290, 292 to rotate mn a counter clockwise direction and the
protrusions 295, 297 to seat in the recesses formed in the coupler 270 at the next rotational
position. This can cause the hinge portions 249, 251 and the articulating distal portion 204 1o

pivot about the pivot joint 205 n the clockwise direction Iy, as shown in FIG. 6E.

[0064] Likewise, translation of the slider 206 along the track 214 can cause the hinge portions
249, 251 and the articulating distal portion 204 to pivot in the direction Dy as in FIG. 6E. More
specifically, proximal movement of the slider 206 can cause the first gear 240 and the first pinion
242 to rotate n a counter clockwise direction. This can cause the second gear 250 and the
second piruon 252 to rotate in a clockwise direction and the second pinion 252 can cause the
driving rack 266 to move proxumally. Because the driving rack 266 1s meshed with the teeth 280
on the spur gear 278, the spur gear 278 rotate in a counter clockwise direction once the biasing
force from the protrusions 295, 297 on the washers 290, 292 1s overcome, allowing the spur gear
278 and the washers 290, 292 to rotate in the counter clockwise direction Dy until the protrusions
295, 297 of the washer 290, 292 seat in the recesses formed in the coupler 270 at the next

rotational position.
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[0065] The distal portion 204 of the loader 200 can be articulated relative to the shaft 202 of
the loader 200 by moving the slider 206 proximally or distally along the track 214 as needed so
as to align the end effector 130 and the attachment mechanisms of the surgical mstrument 100, as
shown in FIG. 7B. The surgical device 100 can be moved to a ready-to-load position and the
distal end 104d of the shaft 104 of the surgical device 100 can be advanced distally toward a
proximal end of the end effector 130 until the distal end of the shaft 104 is disposed in the distal
portion 204 of the loader 200 as in FIG. 7C. The arms 128a, 128b can deflect medially so as to
create a smaller size profile that can fit mside of the end effector’s tube 212, After the end
effector 130 1s disposed on the shaft 104 and engages with the arms 128a, 128b, the end effector
130 locks onto the shaft 104 by the arms 128a, 128b moving radially outward, for instance, by
passing the inner shaft 138 distally through the intermediate shaft 128, as described in greater
detail m U.S. Patent Application Publication No. 2011/0087267 entitled “Method for
Exchanging End Effectors in Vivo,” and in U.S. Patent Application Serial No. 14/836,069,
entitled “Surgical Device Having Actuator Biasing and Locking Features,” the contents of which
were previously mcorporated by reference in thewr entirety. The device 100 1s now in a ready-to-
actuate position because the end effector 130 s now coupled to the device 100, With the end
effector 130 attached to the device 100, a force can be applied m a proximal direction to the
housing 102 of the device 100 to release the engagement features 217 from the end effector 130
and to withdraw the end effector 130 from the loader 200 as 10 FIG. 7D, Tissue can be then
manipulated using the device 100 by actuating the closure actuator 106 of the housing 102 (e.g.,
moving the closure actuator toward or away from the housing 102} to operate the end effector

130, e.g., open and close the pivot jaws.

[0066] In one embodiment, the loader 200 can be removed from the surgical site by
withdrawing the housing 208 and the elongate shaft 202 proximally and this can astomatically
cause the articulating distal portion 204 to move from its second, articulated position to its first,
resting position. That 1s, as the loading device 200 13 withdrawn from the patient’s body, the
anatomy and/or a trocar extending through the incision can overcome the biasing force applied
by the washers 290, 292 and can cause the distal articulating portion 204 to pivot back to its
resting position in which the distal articulating portion 204 1s coaxial with the elongate shaft 202
of the loader 200. In other embodiments, a user can manually articulate the distal portion 204
back to its 0 degree delivery position by retracting the actuator 206.
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[0067] After completing the surgical procedure using the surgical device 100, the end effector
130 can be detached from the shaft 104 of the surgical device 100 ex vive or i vivo. If the
loader 200 was previously removed, the loader 200 can be reintroduced through the second
mcision into the surgical field to allow for in vivo detachment of the end effector 130, With the
distal articulating portion positioned at a surgical site, the actuator 206 of the loading device 200
can be engaged to change the angle of the articulating distal portion relative to the elongate shaft
202 of the loader 200. The distal end of the end effector 130 can be inserted and seated in the
distal end of the loader 200, and the inner shaft 138 and the arms 128a, 128b can be moved
proximally to its unlocked position. The end effector 130 can be held in the loader 200 by the
engagernent feature (not shown) and the distal end of the shatt 104 can then be withdrawn,
leaving the end effector 130 in the loader 200 and thereby detaching the end effector 130 from
the surgical instrument 100. The loader 200 having the end effector 130 disposed therein can be
removed from the surgical field. A different end effector 130 can then be inserted into the loader
200 and then attached to the surgical mstrument 100 using the steps described above or the

surgical instrument 100 can be withdrawn from the surgical field.

[0068] A person skilled in the art will appreciate that the present invention has application in
conventional endoscopic and open surgical mmstrumentation as well application in robotic-

assisted surgery.

[0069] The devices disclosed herein can be designed to be disposed of after a single use, or
they can be designed to be used multiple times. In either case, however, the device can be
reconditioned for reuse after at least one use. Reconditioning can include any combination of the
steps of disassembly of the device, followed by cleaning or replacement of particular pieces, and
subsequent reassembly. In particular, the device can be disassembled, and any number of the
particular preces or parts of the device can be selectively replaced or removed m any
combination. Upon cleaning and/or replacement of particular parts, the device can be
reassembled for subsequent use either at a reconditioning facility, or by a surgical team
mmediately prior to a surgical procedure. Those skilled in the art will appreciate that
reconditioning of a device can utilize 3 vaniety of technuques for disassembly,
cleaning/replacement, and reassembly. Use of such techruiques, and the resulting reconditioned

device, are all within the scope of the present application.
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[0070] Preferably, the devices described herein will be processed before surgery. First, a new
or used instrument is obtained and if necessary cleaned. The instrument can then be sterilized.
In one sterilization technique, the instrument s placed in a closed and sealed container, such as a
plastic or TYVEK" bag. The container and its contents are then placed in a field of radiation
that can penetrate the contamer, such as gamma radiation, x-rays, or high-energy electrons. The
radiation kills bacteria on the instrument and in the container. The sterilized instrument can then
be stored in the sterile container. The sealed container keeps the instrument sterile until it 18

opened in the medical factity.

[0071]1 It 1s preferred that device is sterilized. This can be done by any number of ways known

to those skilled in the art including beta or gamma radiation, ethylene oxide, steam.

[0072] One skilled in the art will appreciate further features and advantages of the invention
based on the above-described embodiments. Accordingly, the invention is not to be limited by
what has been particularly shown and described, except as indicated by the appended claims. Al
publications and references cited herein are expressly incorporated herein by reference in their

entirety.
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What is claimed 1s:

1. An end effector delivery device, comprising:

an elongate shaft having a lumen formed therein that extends along a length of the
elongate shaft;

an articulation rack extending through at least a portion of the lumen of the elongate
shaft, the articulation rack having teeth formed thereon;

an articulating delivery end coupled to a distal end of the elongate shaft, the articulating
delivery end having a hinge at which a distal portion of the articulating delivery end is
configured to pivot with respect to a proximal portion of the articulating delivery end, the distal
portion of the articulating delivery end being configured to releasably hold an end effector; and

a pinion having teeth meshed with the teeth of the articulation rack, the pinion being
coupled to the hinge such that translation of the articulation rack along a longitudinal axis
extending through the elongate shaft rotates the pinion to change an angle between the

articulating delivery end and the elongate shaft.

2. The device of claim 1, further comprising first and second deformable washers having a
plurality of protrusions formed on an outer surface thereof that frictionally engage a plurality of
recesses formed on inner, opposed surfaces of the proximal portion of the articulating delivery

end.

3. The device of claim 2, wherein each washer includes an opening formed therein that

defines an inner wall, the inner wall having a plurality of keys projecting therefrom.

4. The device of claim 2, wherein each washer includes a plurality of protrusions spaced
apart along an outer surface of each washer and configured such that as the articulation rack 13
advanced, the plurality of protrusions deform and allow the first and second washers to rotate
until the plurality of protrusions frictionally engage recesses of the plurality of recesses that are

adjacent to the recesses m which the plurality of protrusions were previously engaged.

S. The device of claim 4, wherein the plurality of protrusions are spaced apart along one

hemisphere of the outer surface of each of the first and second washers such that the angle
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between the articulating delivery end and the elongate shaft has a maximum angle of 90 degrees

with respect to the longitudinal axis.

6. The device of claim 2, wherein the first and second washers are offset from the

longitudinal axis extending through the elongate shaft.

Ay

7. The device of claim 2, further comprising a shaft extending through the pinion and
through the first and second washers and configured so that rotating the pinion in a first direction

rotates the first and second washers n the first direction.

&. The device of claim 2, wheremn the first and second washers are formed from an elastic
material.
9, The device of claim 1, further comprising one or more driving pinions coupled to a

proximal end of a driving rack, the one or more driving pinions having teeth meshed with the
teeth of the driving rack such that rotation of the one or more driving pinions effects translation

of the articulation rack along the longitudinal axis.

10, The device of claim 1, further comprising a housing from which the elongate shaft
extends, the housing having an actuator configured to translate the articulation rack along the

longitudinal axas.

11 An end effector delivery device, comprising:

an elongate shaft having a central longitudinal axis extending along a length thereof and
having proximal and distal ends;

a hinge having a proximal portion, a distal portion, and a pivot at which the distal portion
of the hinge pivots relative to the proximal portion of the hinge, the proximal portion of the hinge
having a proximal end coupled to the distal end of the elongate shaft and having a distal end with
first and second opposed arms;

first and second deformable washers having a plurality of protrusions formed on an outer
surface thereof that frictionally engage a plurality of recesses formed on inner surfaces of the
first and second opposed arms; and

an end effector delivery end coupled to the distal portion of the hinge, the end effector

delivery end being configured to releasably hold an end effector,
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wherein an angle between the end effector delivery end and the elongate shaft changes
when at least some of the plurality of protrusions of the first and second deformable washers
deform and move to different recesses of the plurality of recesses of the first and second opposed

arms.

12. The system of claim 11, wherein each washer includes an opening formed therein that
defines an inner wall, the inner wall having a plurality of keys projecting therefrom and spaced

radially along the inner wall.

13. The system of claim 11, wherein the plurality of protrusions are spaced apart along one
hemisphere of the outer surface of each of the first and second deformable washers such that an
angle formed between the proximal and distal portions of the hinge has a maximum angle of 90

degrees with respect to a longitudinal axis of the proximal portion of the hinge.

14, The system of claim 12, further comprising an articulation rack coupled to a toothed
pinion, the toothed pinion being coupled to the pivot such that distal advancement of the
articulation rack rotates the toothed pinion and the first and second washers about a central
rotational axis of the pivot to adjust an angle between the proximal and distal portions of the

hinge.

15. The system of claim 11, wherein the end effector delivery device has an unarticulated

position in which the distal portion of the hinge s coaxial with the elongate shaft.

16. The system of claim 15, wherein when the distal portion of the hinge is in an articulated
position, a frictional force apphied by the first and second deformable washers to the distal
portion of the hinge is greater than the frictional force applied by the first and second deformable

washers when the distal portion 1s in the unarticulated position.

17. A surgical method, comprising:

articulating a distal portion of a loading device having an end effector removably coupled
thereto relative to an elongate shaft of the loading device using a rack-and-pinion, an angle
between the distal portion and the elongate shaft being maintained by a biasing force applied by

washers disposed in a hinge coupled between the elongate shaft and the distal portion of the
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ioader; and

loading the end effector onto a surgical device.

18. The method of claim 17, wherein the washers include a plurality of deformable

protrusions formed on an outer surface thereof that apply the biasing force to the hinge.

19. The method of claim 18, wherein a plurality of recesses formed in the hinge are engaged
by the deformable protrusions when the biasing force 1s applied, and the deformable protrusions
are configured to move to different recesses of the plurality of recesses as the angle between the

distal portion and the elongate shaft 1s adjusted.

20. The surgical method of claim 17, further comprising adjusting the angle formed between
the distal portion and the elongate shaft by applying a force via the rack and pinion that is

sufficient to overcome the biasing force applied by the washers.
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