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(54) Title: SURGICAL DEVICE WITH OVERLOAD MECHANISM

FIG. 1A

(57) Abstract: Methods and devices are
provided for preventing surgical devices
used in laparoscopic procedures including
opposed jaws and an overload mechanism
from overloading the opposed jaws of the
device. In one embodiment a surgical
device, includes a handle and an elongate
shaft extending distally therefrom with op-
posed jaws coupled to a distal end thereof.
The surgical device can include a trigger
pivotally movable about a first pivot axis
during a first range of motion from an open
position toward a closed position, to cause
the opposed jaws of the end effector to move
from an open position to a partially closed
position. The trigger can further be pivotally
movable about a second pivot axis during a
second range of motion from the partially
closed position to the fully closed position,
without causing corresponding movement of
the opposed jaws from the open position to
the closed position.
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SURGICAL DEVICE WITH OVERLOAD MECHANISM

FIELD OF THE INVENTION
(00011 The present invention relates to surgical devices having an overload mechanism for
preventing overload of a force applied to close the opposed jaws on an end effector of the device,

as well as to methods for preventing overload on a surgical device.

BACKGROUND OF THE INVENTION

(00021 In recent years surgery has markedly advanced through the performance of laparoscopic
and endoscopic surgical procedures such as cholecystectomies, gastrosiomies, appendectomies,
and hernia repair. Laparoscopic surgery, which can also be referred to as minimally invasive
surgery, is a surgical technique that includes operations performed through small incisions in the
body of a paticnt. There can be a number of advantages to the patient with laparoscopic surgery
compared to open procedures where larger incisions are made. For example, pain and

hemorrhaging can be reduced duc to the smaller incisions and recovery times can be shorter,

[G003] In a conventional laparoscopic procedure, a distal end of a laparoscopic or electrosurgical
device can be passed through a small incision in the skin of a patient. The distal end of the
iaparoscopic device is then positioned at or adjacent a surgical site. One or more surgical
procedures are then performed at the surgical site, which can include cutting and/or scaling
tissue. The distal end of the laparoscopic device can be removed from the patient after the

completion of the surgical procedure.

[0004] Many laparoscopic devices include a pair of jaws for grasping or otherwise effecting
tissue. Movement of the jaws between open and closed positions is controlied by an actuation
assembly, which transmits a force from the handle to the opposed jaws. The force reguired to
close the jaws can increase with thicker or stiffer tissue, and/or in applications where the jaws arc
applying a closurc mechanism, such as a clip or staple, to the tissuc. In the cvent that cxcessive
forces are transmitted by the actuation assembly, undesired damage to the tissue can result. In
addition, since the actuation assembly requires precise timing and coordinated movement
between mumcerous components, excessive forces applied to close the jaws can result in damage

to the componenis of the actuation assembly.
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[0005] Accordingly, there romains a need for improved methods and devices for preventing

overload of a force applied to close opposed jaws on a surgical end ¢ffector.

SUMMARY OF THE INVENTION

[G006] The present invention generally provides methods and devices for preventing overload on
opposed jaws of surgical devices used in laparoscopic surgery. In one embodiment, a surgical
device for stapling tissue is provided and includes a handle and an clongate shatt extending
distally therefrom with opposed jaws coupled to a distal ond thereof. The surgical device can
further inchude a trigger coupled to the handle and movable between an open position and a
closed position. The trigger can be pivotally movable about a fivst pivot axis during a first range
of motion from the open position toward the closed position to cause the opposcd jaws of the end
effector to move from an open position to a partially closed position. The trigger can further be
pivotally movable about a sccond pivot axis during a second range of motion, from the partially
closed position to the fully closed position. The jaws can be configured to romain stationary

during movement of the trigger.

(00071 In some embodiments, the device can include an overload mechanism disposed within
the handle, and the trigger can be configured to apply a force to the overload mechanism during
movement about the sccond pivot point. The trigger can also include a pin mounted thercon and
coupled to the overload mechanism. The pin can remain stationary during movement of the
trigger about the first pivot axis and the pin can slide within the overload mechanism during
movement of the trigger about the second pivot point. In certain ernbodiments, the overload
mechanism can include a carriage that receives the pin on the trigger, and a biasing clement that
applics a proximal biasing force to the carriage. The pin can cause distal moveroent of the

carriage during movement of the trigger about the second pivot point.

[000R] In soroe embodiments, the device can include an actuation assembly disposed within the
housing and the elongate shaft and coupled between the trigger and the opposed jaws.

Moveraent of the frigger about the first pivot axis can be effective to advance the actuation
assembly through the elongate shaft, causing the opposed jaws to move from the open position to
the partially-closed position. The actoation assembly can also include a cam lever coupled

between the trigger and the actuation asserably, The trigger can cause pivotal movement of the
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cam lever about a third pivot axis during movement of the trigger about the first pivot point, such

that the cam lever applies a force 1o advance the actuation assembly through the elongate shaft.

(000971 In other aspects, an overload mechanism disposed within the handle housing can apply a
biasing force to the trigger. The biasing foree can prevent movement of the trigger about the
sccond pivot axis until a foree to pivot the trigger exceeds a threshold foree of the biasing

mechanism.

(00107 In another cmbodiment, a surgical device is provided having a handle housing with a
trigger coupled thercto. The surgical device can also include an clongate shaft extending distally
from the handle housing. The clongate shaft can have an end effector with opposed jaws
coupled to a distal end thereof. The surgical deviee can further include an actuation assembly
extending through the handle housing and the clongate shaft and configured to actuate the end
cffector. The surgical device can also include a cam lever disposed within the handle housing
and coupled between the trigger and the actustion assernbly. Movement of the trigger can cause
the cam lever to pivot which in turn advances the actuation asserably to actuate the end effector.
The surgical device can further include an overload mechanism disposed within the handle
housing and configured to apply a proximal biasing force to the trigger to maintain the trigger in
a first position. In the first position, movernent of the trigger 18 effective to cause the cam lever
to pivot and thereby advance the actuation assembly to actuate the end cffector. When a force
apphied to the trigger exceeds a predetermined threshold force of the overload mechanism, the
overload mechanism allows the trigger to roove to a second position. The overload mechanism
can allow the trigger fo continge to pivot without causing further pivotal movement of the cam
iever. Tn some embodiments, the actuation assembly can be effective to close the opposed jaws

of the end effectior.

(00117 In certain embodirents, the overload mechanism can include a biasing element that
apphes the biasing force to the trigger. For example, the overload mechanism can include a
housing can have a biasing clement biasing a carriage disposed within the housing, and the
irigger having a pin that can be received within the carriage. The biasing clement can bias the
carriage in a proximal direction, and movement of the trigger about the second pivot axis can

causes the carriage to move distally within the housing.
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(00121 In some embodiments, the surgical device can have the overload mechanism positioned
distal of the cam lever. In ceortain aspects of the invention, the surgical device can further include
a pin coupled between the trigger and the cam lever such that rotation of the trigger causes
rotation of the cam lever. In some embodiments, the cam lever is disposed about a third pivot
point. The trigger can pivot in the first position to cause the cam lever to pivot about the third
pivot point. The cam lever can remain stationary about the third pivot axis during movement of

the trigger in the second position,

[0013] In other aspects, the pin on the trigger can apply a force to the cam lever to cause pivotal
movement the cam lever when the trigger moves in the first position. The frigger can pivot about
a first pivot axis in the first position, and the trigger can pivot about a second pivet axis in the

sccond position.

[0014] In some embodiments, a method of operating a surgical device is provided. The method
can include actuating a trigger movably coupled to a handle housing to causc the trigger to pivot
about a first pivot axis and thereby advance an actuation assembly extending through an
clongated shaft extending distally from the handle assembly. Advancement of the actuation
assembly causc opposcd jaws at a distal end of the clongate shaft to move from an open position
to a closced position. An overload mechanism disposed within the handle housing can allow the
trigger to pivot about a second pivot axis when a force applied to the frigger to close the opposed
jaws exceeds a predetermined level without further advancing the actuation assembly to close the

opposed jaws.

[0015] Tn other aspects, the method can include movement of the trigger about the second pivot
point, causing a pin on the trigger to shde distally within the overload mechanism to overcome a

biasing force of a biasing element disposed within the overload mechanism,

[0016] In other aspects, the method can include movement of the trigger about the first pivot
point, cansing pivotal movement of a cam lever within the housing. The cam lever can cause
advancement of the actuation assembly and the cam lever remains stationary during movement

of the trigger about the second pivot point,
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BRIEF DESCRIPTION OF THE DRAWINGS

[60317] The invention will be more fully understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:

F00207 FIG. 2 s a side perspective view of the trigger of FIG. 1B;
(00217 FEG 3 1s a side perspective view of the cam lever and sled of FIG. 1B;

[0022] FIG. 4 s a side perspective view of the frigger, cam lever, and sled of FIG. 1B, shown in

the assembled configaration;

[0023] FIG. 5A is a side perspective view of one embodiment of an overload mechanism for use

with the device of FIGS. 1A and 1B

(00247 FIG. 5B 1s a top perspective view of the overload mechanism of FIG. 5A in an initial

position;

(00251 FIG. 5C is a top perspective view of the overload mechanism of FIG. 5A in an actuated

position;

[0026] FIG. 6A 1s a side perspective view of the handle assembly of FIG. 1B with the overload
mechanism of FIG. 5A disposed therein, showing the trigger and the overload mechanism both

in an initial position;

[0027] FIG. 6B is a side perspective view of the handle assembly and overload mechanism of
FIG. 6A, showing the trigger moved toward the stationary handle to closc the jaws, and showing

the overload mechanism in the initial, unactuated position;

(002571 FIG. 6C is a side perspective view of the handle assembly and overload mechanism of
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toward the stationary handle 22, which in turn causes the cam lever 50 to rotate and to thereby
advance the sled 60 distally. In turn, the sled 60 causcs distal movement of the actuation shaft 62
coupled thereto, While not shown, distal movement of the actuation shaft 62 is cffective to cause
the jaws 42, 44 of the end cffoctor 40 to move from an open position to a closed position, as

explained in the above referenced patents and publications.

F0038] FIG. 2 illustrates the trigger 24 1n more detail. The shape of the trigger 24 can vary
depending on the other components of the housing, but in the illusirated embodiment the trigger
24 generally includes an upper portion 24u and a lower portion 241, The lower portion 241 can
be configured to facilitate grasping by a user. As shown in FIG. 2, the lower portion 241 s
generally hook shaped to reccive a user’s fingers for pulling the trigger 24 toward the stationary
handle 22, however the lower portion can have various other configurations. The upper portion
24y 15 configured to be disposed within the handpiece and is configured to interact with the cam
igver 50, In the iHustrated embodiment, the upper portion 24y has a backwards substantially C-
shaped configuration with a 24r formed therein for facilitating movement of the trigger 24, as
will be discussed below. As further shown in FIG. 2, the upper portion 24u includes a trigger
pivot pin 24p and a trigger camuming pin 24¢, cach of which can extend through bores formed in
the upper portion 24u or can be integrally formed on the upper portion 24u. The trigger pivot pin
24p defines a trigger pivot axis T, about which the trigger 24 can rotate under normal load
conditions. When the trigger 24 s coupled to the hand picce, the trigger pivot pin 24p will be
mounted within the handpicce 20 to allow pivotal movement of the trigger 24 about the first
pivot axis T, As will be discussed in more detail below, in one exemplary embodiment the
trigger pivot pin 24p can be disposed within an overload mechanism such that the trigger pivot
pin 24p 1s allowed to move within the handpiece 20 when an overload force is encountered. The
trigger camming pin 24¢, on the other hand, is configured to act upon the cam tever 30 during
pivotal movement of the trigger 24 about the trigger pivot axis T, In particular, when the trigger
24 is pivoted in a counterclockwise direction about the trigger pivot axis T, 1.¢., toward the
stationary handle 22, the trigger camming pin 24¢ will contact and apply a force to the cam lever

50 to cause pivotal movement of the cam lever 50, as explained below.

(003971 FIG. 3 illustrates the cam lever 50 and the sled 60 in more detail. The cam lever 50

generally includes a lower portion 531 that is coupled to the trigger camming pin 24¢ on the
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trigger 24, a mid-portion 50m having a cam lever pivot pin 50p cxtending through a bore formed
therein or integrally formed thercon, and an upper portion 50u that is coupled to the sled 60. A
person skilled in the art will appreciate that the cam lever 50 can be in the form of a single plate,
ot two paralicl plates as shown. The cam lever pivot pin 50p at the mid-portion 50m of the cam
iever 50 defines a fixed cam lever pivot axis C, about which the cam lever 50 can rotate. The
cam lever pivot pin 50p can thus be fixedly mounted within the handpicce 20, ¢.g., disposed
within receiving portions formed in shrouds of the handpicce 20 or otherwise held stationary
within the handpiece 20. When disposed within the handpiece 20, the cam lever pivot pin 50p

can be positioned adjacent to the recess 24y formed in the distal-facing surface of the trigger 24.

100407 The lower portion 501 of the cam lever 50 can include a camming bore 50¢ formed
therein that reccives the trigger camming pin 24¢ on the trigger 24, A person skilled in the art
will appreciate that the cam lever 50 can conversely have a pin formed thereon that extends
through a bore formed in the trigger 24, In cither configuration, the coupling will allow the two
components to move in coordination, while still aHowing free rotation of the pin within the bore
so as to allow the trigger 24 and the cam lever 50 to pivot about their respective different pivot

axes Ta, Cs.

[0041] The upper portion 50u can be coupled to the sled 60 using various techniques, but as
shown the upper portion 50u includes protrusions {only one protrusion 51 is shown) formed
thereon that are recetved within bores 60b formed in the sled 60. Furthermore, the upper portion
S0u of the cam lever 50 can inchude a recess SO0r formed in a distal facing surface. The recess
50r can be configured to receive the trigger pivot pin 24p when the caro lever 50 is rotated to

cause distal movement of the sled 60,

(004271 FIG. 4 illustrates the tmgger 24, cam lever 50, and sled 60 in the assembled configuration.
In use, when the trigger 24 18 rotated counterclockwise about the trigger pivot axis Ty, e.g., by
moving the trigger 24 toward the stationary handle 22, the trigger camming pin 24¢ will move in
a proximal direction along an arcuate path as indicated by the arrow. This movement of the
irigger camming pin 24¢ will cause corresponding proximal movernent of the camming bore 50¢
in the cam lever lower portion 501, thereby causing the cam lever 58 to pivot counterclockwise

about the cam lever pivot axis C, and causing the upper portion 50u of the cam lever 50 to move

10
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in a distal direction to cause distal movement of the sled 60 as indicated by the arrow. When the
sied 60 is advanced distally, the jaws of the end effector will be moved from an open position
toward a closed position. Full rotation of the trigger 24 about the trigger pivot axis T, will cause
corresponding full closure of the jaws, Converscly, when the trigger 24 is released, i.¢., moved
away from the stationary handle 22, the trigger 24 will pivot in a clockwise direction about the
trigger pivot pin 24p, which will cause the rigger canuming pin 24¢ to move in a distal direction,
thercby moving the lower portion 501 of the cam lever 30 distally and causing the cam lever 50
to pivot in a clockwise direction about the cam lever pivot axis C,. The upper portion 50u of the
cam lever will thus move in a proximal divection to move the sled 60 proximally and thereby
cause the jaws to move to an open position. As shown in FIG, 1B, a biasing spring 70 can be
provided to bias the trigger 24 to the tustrated initial position, spaced from the stationary handle
22, and a force can be applied to overcome the bias of the spring 70 and to move the trigger 24 10
the actoated position, adjacent {0 the stationary handie 22. When the trigger 24 1s released from
the actuated position, the biasing spring 70 can cause the trigger 24 to move back to the imtial

position.

100431 As indicated above, in an exemplary erobodiment the device can also include an overload
mechanism that is configured o prevent excess force being applied to the jaws by the closure
assernbly when thick tissue or other resistance is encountered. For exaraple, when the device
encounters resistance, the overload mechanisn can be configured to allow the trigger to continue
to pivot without causing further pivotal movement of the cam lever and thus without causing
further distal movement of the sled to close the jaws. The overload mechanism instead can allow
the force applied to actuate the trigger 24 to be transferred to the overload mechanism, thus
preventing fatlure of the actuation mechanism. The overload mechanism 300 can have a

predetermined threshold force that defines when the overload mechanism is activated.

(00441 FIGS. 5A-5C llustrate one embodiment of an overload mechanism 100, In this
embodiment, the overlpad mechanism 100 15 in the form of a generally hollow rectangular six-
sided housing 102 that 1s configured to be disposed within the handpiece. While the housing 102
is shown baving a rectangular configuration, the housing 102 can have any shape or
configuration. Moreover, the housing 102 itself can be eliminated and the handpicce 20 can be

configured to scat the internal components of the overload mechanism 1080, For example, the left

11
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and right shrouds of the handpicce 20 can inchude recesses formed therein that define a path of
movement for the overload components. A person skilled in the art will appreciate that a variety
of techniques can be used to couple the overload mechanism to handpicce. As shown in FIG.
58, the housing 102 in the tllustrated embodiment includes a sidewall 102s that has an open
configuration. This allows the overload mechanism 100 to couple to the trigger pivot pin 24p, as
will be discussed in more detail below. The entire sidewall of the housing 102 can be absent, or
the sidewall can include a groove formed therein for receiving the frigger pivot pin 24p. In either
instance, the opening preferably extonds entirely along a length of the overload mechanism 100,
between proximal and distal ends thereof, This will allow the trigger pivot pin 24p to slide

axially 1n a proximal-distal direction relative to the overload housing 102,

[0045] The internal components of the overload mechanism 100 can have various
configurations, but in the llustrated embodiment the overload mechanism 100 includes a
carriage 104 and a biasing clement 106, The carriage 104 can be slidably disposed within the
overload housing 102 such that it can move between proximal and distal positions. The carriage
104 can further include a bore 104b formed therein that rotatably seats the frigger pivot pin 24p
in a fixed position within the carriage 104, As a result, the trigger pivot pin 24p and the carriage
104 can slide as a unit between proximal and distal positions. The biasing clement 106, e.g. a
spring ot other spring-like maember, can be positioned within the housing 102 and can apply a
biasing force to the carriage 104, In an exemplary embodiment, the biasing clement 106 biases
the carriage 104 to a proximal position, shown in FIGS. SA and 5B. In this position, the trigger
pivot pin 24p is maintained in the initial position in which the trigger 24 pivots about the trigger
pivot axis T,. The biasing clement 136 can apply a predetermined foree to the carriage 104 that
corresponds to a threshold force required to activate the overload mechanism 100, In particular,
the biasing clement 106 will prevent movement of the carriage 104, and thus the trigger pivot pin
24p, until a foree applied to the carriage 104 exceeds the predetermined threshold force of the
biasing clement 106, When the threshold force s exceeded, the overload mechanism 100 will be
activated and the carriage 104 will be forced to slide within the housing 102 against the force of
the biasing clement 106, as shown in FIG. SC. The carriage 104 will thus move in a distal

direction, as indicated by the arrow shown in FIG. SC, to compress the biasing element 106,

[0046] FIGS, 6A-6C show the overload mechanism 100 disposed within the handpiece 20. As

12
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shown, the overload mechanism 13{ is positioned such that the trigger pivot pin 24p extends into
the carriage 104 in the overload mechanism 100, and the biasing clement 106 is positioned distal
of the carriage 104 and trigger pivot pin 24p to apply a proximally-directed biasing force to the
carriage 104. In this position, as shown in FIG. 6A, the trigger 24 will pivot about the trigger

pivot axis T, defined by the trigger pivot pin 24p.

100471 Prior to actuation of the device, as shown in FIG. 6A, no force is applied to the trigger 24
and it is positioned in a spaced configuration with the stationary handiec 22. The trigger 24 is
biascd to this initial position by the biasing spring 70 {(shown in FIG. IB). The cam lever 50 and
the sled 60 of the actuation assembly are likewise in an initial position, in which the cam lever 50
has not yet rotated and the sled 60 is in a proximal most position. The overload mechanism 100
has not been engaged, and thus the carriage 104 and the trigger pivot pin 24p arc disposed in a

proximal-most position within the overload housing 102 as well.

(00457 When a normal force is applied to move the trigger 24 toward the stationary handle 22,
the trigger 24 will pivot counterclockwise, as indicated by the arrow, about the trigger pivot pin
24p which defines the trigger pivot axis T,. The trigger camming pin 24¢ on the trigger 24 will
thus engage the camming bore 50b in the cam lever 50 to advance the sled 60 distally and thus
close the jaws. For example, when a normal force is applicd to the trigger 24, the trigger 24
overcomes the biasing force of the biasing spring 70 (FIG. 1B) that rctains the trigger in the
initial position. The lower portion 241 of the trigger 24 begins to travel in a proximal direction
toward the stationary handle 22, As a result the cam lever 50 is forced to pivot
counterclockwise, as indicated by the arrow, about the cam lever pivot axis C,, thereby moving
the sled 60 1n a distal direction. The sled 60 can advance the clongated shaft 30 to cause the
opposed jaws 42, 44 on the end effector to move from a spaced, open position to a closed, tissue-
grasping position.  The trigger 24 will continue to move through a full range of motion toward
its final actuated position, shown in FIG. 6B, as long as the force required to actuate the trigger
24 and close the jaws does not exceed the predetermined threshold force of the biasing spring
106 in the overload mechanism 100, The overload mechanism 100 will thus remain disengaged
and the carriage 104 containing the trigger pivot pin 24p will be maintained in its proximal-most

position in the overload housing 102,
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(00497 When an overload is encountered and the jaws are prevented from fully closing, ¢.g., due
to thick tissue, the sled 60 will be prevented from moving to its distal-most position. Without the
overload assembly 100, the sled 60 would in turn prevent further rotation of the cam lever 50,
which would prevent further movement of the trigger 24 from the fully-open position (FIG. 6A)
to the fully-closed position (FIG. 6B). If a uscr continued to apply an excess foree to close the
trigger 24, the various components of the device could malfunction and/or cxcessive pressure
could be applicd to the tissue by the jaws, potentially damaging the tissuc. The overload
mechanism 100 will thus allow movement of the trigger 24 to the fully closed position, while
preventing further distal movement of the sled 60, and thus preventing malfunction of the device.
In other words, the overload mechanisma 100 will prevent a user from applying a force to the
jaws that exceeds a predetermined threshold foree, thereby preventing a user from damaging the

device and/or the tissue engaged between the jaws.

[0050] FIG. 6C illustrates the device 10 when an overload force is encountered, e.g., whena
force required to close the trigger 24 exceeds the threshold force set by the biasing spring 106 in
the overload mechanism 100, Since the sled 60 1s prevented from moving further distally, and
the cam lever 50 s prevented from further pivotal movernent about the cam lever pivot axis C,.
The overload mechanism 100 allows the trigger pivot pin 24p to move from its mitial position, in
which the trigger 24 pivois about the trigger pivot axis Ty, info an overload position, 1o which the
irigger 24 pivots about an overload pivot axis T,. Tn particular, the force applied to rotate the
trigger 24 will exceed the threshold force of the biasing spring 106 in the overload mechanism
100, thereby causing the carriage 104 containing the trigger pivot pin 24 to slide distally,
compressing the spring 106. Since the trigger pivot pin 24p is now allowed to move, the trigger
pivot pin 24p no longer defines a fixed pivot point for the trigger 24 to rotate about. Thus, the
trigger 24 in the overload state will no longer pivot about the trigger pivot axis T,. Instead, the
trigger 24 will pivot counterclockwise about the trigger camming pin 24¢, which is held fixed
and will thus define the new trigger overload pivot axis T,. The trigger camming pin 24¢ is held
stationary by the sled 60, which is prevented from further distal movement. Accordingly, when a
force exceeding the threshold force is required to close the jaws, the overload mechanism 100
will activate and prevent the trigger 24 from causing further pivotal movement of the cam lever
50, thus preventing further distal movement of the sied 60 to further close the jaws. Since the

trigger 24 is allowed to pivot about the trigger overload axis T, the trigger 24 can move to ifs
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final, fully engaged position adjacent to the stationary handle 22, In sum, when an overload is
encountered, the trigger 24 will shift from a first state, in which the trigger pivots about the
trigger pivot axis T, to an overload state, in which the trigger pivots about the trigger overload
pivot axis T,. The device will thus allow a user to fully close the trigger 24 without applying a
force to the jaws that exceeds the threshold force as sct by the overload mechanism 100, When
the trigger 24 is relcased, the biasing clement 106 in the overload mechanism 100 will move the
carriage 104 hack to the initial proximal position, and the biasing spring 70 in the hand picce will

open the trigger 24, thereby resetting the device.

(00517 FIG. 7 depicts another embodiment of an overload mechanism 200 for preventing an
cxcessive force from being applied the jaws. In this cmbodiment, the overload mechanism 200
is integral with the trigger 124, While not shown, the 124 trigger 1s configured to replace the
trigger 24 of the device 10 shown in FIGS. 1A-1B. As shown, the trigger 124 includes an upper
portion 124w and a lower portion 1241 that arc hingedly connected. The upper portion 1240 18
similar to the upper portion 24u of trigger 24, and can thus inchude all of the same features and
functionality of the prior embodimoent. In particular, the upper portion 124w includes a c-shaped
configuration with a trigger pivot bore 124p, which can include a2 pin (not shown) for defining a
irigger pivot axis i, of the trigger 124, as well as a trigger camumning bore 124¢, which receives a
pin that couples to the cam lever (not shown), While bores 124p, 124¢ are shown, pins can be
disposed therein and/or integrally formed on the trigger 124, The lower portion 124148
configured to be positioned external to the handpicce 20 and to allow grasping by a user. While
not shown, the lower portion 1241 can have various features to facilitate gripping, inchuding the

same configuration as trigger 24.

[0052] As indicated above, the upper and lower portions 124w, 1241 of the trigger 124 are
coupled by a hinge. As shown, the hinge can be formed by a pivot joint 126 formed between the
two portions, €.g., a pin and bore configuration to allow pivotal movement of the portions
relative to one another. An angled surface 128, 129 is preferably formed on a proximal-facing
surface of each of the upper and lower portions 124y, 1241 adjacent to the pivot joint 126. The
angled surfaces 128, 129 define 8 recess 134 therebetween, and allow the upper and lower
portions 124u, 1241 to move toward one another to decrease a size of the recess 134, As further

shown in FIG. 7, a biasing element 136, e.g., a leaf spring or other type spring, can be disposed
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within the recess 134 and can extend between the angled surfaces 128, 129, The biasing clement
1306 is configured to bias the upper and lower portions 124w, 1241 to the initial configuration, as
shown in FIG. 7. The biasing clement 136 defines a predetermined threshold force that, similar
to the aforementioned embodiment, prevents an exeess force from being applied to the cam

iever, the sied, and ultimately the jaws.

160531 When the device is operating under heavy load conditions, and a force that exceeds the
threshold force 1s required to move the trigger 124 to the fully closed position, adjacent to the
stationary handle, the overload mechanism 200 will be activated. In particular, the biasing force
of the biasing clement 136 will be overcome, thus allowing the biasing clement 136 to buckle,
deform, or otherwise compress. As a result, the upper and lower portions 124u, 1241 can pivot
about the pivot joint 126, thereby moving toward one another to decrease a size of the recess 134
between the angled surfaces 128, 129, Such a configuration will allow the lower portion 1241 of
the trigger 124 to continue to move toward the stationary handle to the fully actuated position
without causing further pivotal movement of the upper portion 124u of the trigger 124, Asa
result, since the upper portion 124u of the trigger 124 vemains stationary, the upper portion 124u
will not cause further pivotal movement of the cam lever and will thus not move the sled further
distally to close the jaws. Accordingly, the overload mechanism 200 allows the trigger 124 1o
move to the fully closed position without further closing the jaws, thereby preventing an excess
force from being applied to the jaws. When the trigger 124 is released, the biasing spring 136 of

the overload mechanism 200 will retirn the frigger 124 to the initial configuration, shown in

100541 A person skilled in the art will appreciate that the overload mechanisms disclosed herein
can be used in a variety of surgical devices o prevent overload of various actuation mechanisms,
The present invention also has application in conventional endoscopic and open surgical

instromentation as well application in robotig-assisted sargery.

[0055] The devices disclosed herein can be designed to be disposed of afier a single use, or they
can be designed to be used multiple tines. In cither case, bowever, 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
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subsequent reassembly. In particular, the device can be disassembled, and any number of the
particular picees or parts of the device can be selectively replaced or removed in 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 tcam
immediately prior to a surgical procedure. Those skilled in the art will appreciate that
reconditioning of a device can utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such techniques, and the resulting reconditioned

device, are all within the scope of the present application.

[0056] Preferably, the invention described herein will be processed before surgery. First, a new
ot used instrument 18 obtained and if necessary cleaned. The instrument can then be sterilized.
In one sterilization technigue, the instrument 18 placed in a closed and scaled container, such as a
plastic or TYVEK bag. The container and instrument arc then placed in a ficld of radiation that
can penetrate the container, such as gamma radiation, x-rays, or high-energy clectrons, The
radiation kills bacteria on the instrament and 1o 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 facility.

(00577 It is 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.

[0055] 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. All
publications and refercnces cited herein are expressly incorporated herein by reference 1n their

entirety.
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CLAIMS:

i. A surgical device, comprising:

a handle having an clongate shaft extonding distally therefrom with opposed jaws
coupled to a distal end thereot: and

a trigger coupled to the handle and movable between an open position and a closed
position, the trigger being pivotally movable about a first pivot axis during a first range of
motion from the open position toward the closed position to cause the opposed jaws of the end
cffector to move from an open position to a partially closed position, and the trigger being
pivatally movable about a sccond pivot axis during a sccond range of motion from the partially
closed position to the fully closed position, wherein the opposed jaws can be configured to

remain stationary during movement of the trigger about the second pivet point.

2. The device of claim 1, further comprising an overload mechanism disposed within the
handle, the trigger being configured to apply a force to the overload mechanism during

movement about the second pivot point.

o]

3. The device of claim 2, wherein the trigger includes a pin mounted thercon and coupled to
the overload mechanism, the pin remaining stationary during movement of the trigger about the
first pivot axis and the pin sliding within the overload mechanism during movement of the

trigger about the second pivot point.

4, The device of claim 2, wherein the overioad mechanism includes a carriage that reccives
a pin on the trigger, and a biasing clement that applies a proximal biasing force to the carriage,
the pin causing distal movement of the carriage during movement of the trigger about the second

pivot point.

5. The device of claim 1, further comprising an actuation assembly disposed within the
housing and the clongate shaft and coupled between the trigger and the opposed jaws, movement
of the trigger about the first pivot axis being effective to advance the actuation assembly through
the clongate shaft to cause the opposed jaws to move from the open position to the partially-

closed position.

6. The device of claim 5, further comprising a cam lever coupled between the trigger and
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the actuation assembly, the trigger causing pivotal movement of the cam lever about a third pivot
axis during movement of the trigger about the first pivot axis such that the cam lever applies a

foree to advance the actuation assernbly through the clongate shaft.

7. The device of claim 1, further comprising an overload mechanism disposed within the
handle housing and applying a biasing force to the trigger to prevent movement of the trigger
about the second pivot axis until a force to pivot the trigger excceds a threshold force of the

biasing mechanism.

&. A surgical device, comprising:

a handle housing having a trigger coupled thereto;

an clongate shaft cxtending distally from the handle housing and having an end effector
with opposed jaws coupled to a distal end thercof;

an actuation assembly extending through the handle housing and the clongate shaft and
configured to actuate the end effector;

a cam lever disposed within the handle housing and coupled between the trigger and the
actuation assembly such that moverment of the handle causes the cam lever to pivot which in turn
advances the actuation assembly to actuate the end effector; and

an overload mechanism disposed within the handle housing and configured to apply a
proximal biasing force to the trigger to maintain the trigger in a first position in which movement
of the trigger s effective to cause the cam lever to pivot and thereby advance the actuation
asserbly to actuate the end effector, and wherein, when a force applied to the trigger exceeds a
predetermined threshold force of the overload mechanism, the overload mechanism allows the
trigger to move to a second position i which the trigger can continue to pivot without causing

further pivotal movement of the cam lever.

9. The device of claim 8, wherein the actuation assersbly is effective to close the opposed

iaws of the end effector.

16 The device of claim 8, wherein the overload mechanisn includes a biasing element that
5

apphes the biasing force to the handle.

1. The device of claim &, wherein the overload mechanism includes a housing having a

19



WO 2016/057281 PCT/US2015/053108

biasing clement that biases a carriage disposed within the housing, the trigger having a pin that is

received within the carriage.

2. The device of claim 11, whercin the biasing clement biases the carriage in a proximal
direction, and whercin movement of the trigger about the second pivot axis causcs the carriage to

move distally within the housing.

13. The device of claim &, wherein the overload mechanism is positioned distal of the cam
lever.
14, The device of claim 8, further comprising a pin coupled between the trigger and the cam

iever such that rotation of the trigger causes rotation of the cam lever.
o

15, The device of claim §, wherein the cam lever is disposed about a third pivot point, and
the trigger pivots in the first position to cause the cam lever to pivot about the third pivot point,
and the cam lever remains stationary about the third pivot axis during movement of the trigger in

the second position.

16. The device of claim &, wherein the trigger includes a pin that applies a force to the cam

lever to cause pivotal movement the cam lever when the trigger moves in the first position,

7. The device of claim &, wherein the trigger pivots about a first pivot axis in the first

position, and the trigger pivots about a second pivot axis in the second posttion.

18, A method of operating a surgical device, comprising:

actuating a trigger movably coupled to a handle housing to cause the trigger to pivot
about a first pivot axis and thereby advance an actuation assembly extending through an
clongated shaft extending distally from the handle housing, advancement of the actuation
assembly causing opposed jaws at a distal end of the elongate shaft to move from an open
position fo a closed position, wherein an overload mechanism disposed within the handle
housing allows the trigger to pivot about a second pivet axis when a force applied to the trigger
to close the opposed jaws exceeds a predetermined level without further advancing the actuation

assembly to close the opposed jaws.

19. The method of claim 1§, wherein movement of the trigger about the second pivot axis
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causes a pin on the trigger to slide distally within the overload mechanism and to overcome a

biasing force of a biasing clement disposed within the overload mechanism.

28. The method of claim 1¥, wherein movement of the trigger about the first pivot axis
causes pivotal movement of a cam lever disposed within the housing, the cam lever causing
advancement of the actuation assembly, and wherein the cam lover remains stationary during

movement of the trigger about the second pivot point,
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