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FIG. 1B




U.S. Patent Sep. 9,2014 Sheet 3 of 10 US 8,828,046 B2

FIG. 2A
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1
LAPAROSCOPIC DEVICE WITH DISTAL
HANDLE

FIELD OF THE INVENTION

The present invention relates to methods and devices for
controlling movement of an end effector assembly on a distal
end of a surgical device, and in particular to methods and
devices for causing mimicking motion between a handle and
an end effector assembly.

BACKGROUND OF THE INVENTION

Minimally invasive surgical (MIS) instruments are often
preferred over traditional open surgical devices due to the
reduced post-operative recovery time and minimal scarring.
Laparoscopic surgery is one type of MIS procedure in which
one or more small incisions are formed in the abdomen and a
trocar is inserted through the incision to form a pathway that
provides access to the abdominal cavity. The trocar is used to
introduce various instruments and tools into the abdominal
cavity, as well as to provide insufflation to elevate the abdomi-
nal wall above the organs. The instruments and tools can be
used to engage and/or treat tissue in a number of ways to
achieve a diagnostic or therapeutic effect. Endoscopic sur-
gery is another type of MIS procedure in which elongate
flexible shafts are introduced into the body through a natural
orifice.

Conventional MIS devices include a handle, an elongate
shaft, and an end effector at the distal end for effecting tissue.
Motion of the end effector is typically limited to four degrees
of freedom (a degree of freedom is the direction in which the
end effector can move). Furthermore, motion ofthe end effec-
tor mirrors motion of the handle, such that the operator needs
to move the handle in a direction opposite to the desired
direction of movement. Shear forces on MIS instruments can
also be high, leading to increased operator fatigue.

Various robotic systems have been developed to assist in
MIS procedures. Robotic systems can allow for more intui-
tive hand movements by maintaining both natural eye-hand
axis. Robotic systems can also allow for more degrees of
freedom in movement by including a “wrist” joint on the
instrument, creating a more natural hand-like articulation.
One drawback with robotic systems, however, is the loss of
direct human contact with the tissue. There can be no true
force feedback given to the surgeon. Another drawback is the
high expense to manufacture such systems.

Accordingly, there remains a need for improved methods
and devices for controlling movement of a working end of an
endoscopic surgical device, and in particular to methods and
devices that utilize a mechanical connection to provide for
mimicking motion between a handle and an end effector.

SUMMARY OF THE INVENTION

The present invention generally provides surgical methods
and devices in which motion of an actuator is mimicked, not
mirrored, by motion of an end effector assembly. In one
embodiment, a surgical device is provided having a frame
with proximal and distal ends, an elongate shaft extending
distally from the distal end of the frame, a mechanical trans-
mission extending through the frame and elongate shaft
between an input joint at the proximal end of the frame and an
output joint at a distal end of the elongate shaft, an actuator
extending distally from the proximal end of the frame and
coupled to an input joint, and an end effector assembly posi-
tioned distal of the distal end of the elongate shaft and coupled
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to the output joint. Motion of the input joint is effective to
cause correlating motion of the output joint such that move-
ment of the actuator is mimicked by movement of the end
effector assembly. In an exemplary embodiment, the actuator
extends distally from a distal-facing surface of the proximal
end of the frame.

The mechanical transmission can have a variety of con-
figurations. In one embodiment, the mechanical transmission
includes at least one transmission plate slidably disposed in
the frame. The at least one transmission plate can be limited to
movement along a fixed longitudinal axis. A proximal end of
the at least one transmission plate can have be coupled to the
input joint. The mechanical transmission can also include at
least one transmission rod having a distal end connected to the
output joint and a proximal end connected to the at least one
transmission plate. In one embodiment, the output joint can
be a ball-and-socket connection formed between the distal
end of the mechanical transmission and the end effector
assembly, and the input joint can be a ball-and-socket con-
nection formed between the proximal end of the mechanical
transmission and the actuator. In another embodiment, the
proximal end of the at least one transmission plate can be
coupled to the input joint by a coupler rod extending from the
at least one transmission plate.

The mimicked motion between the actuator and the end
effector assembly can include various types of movement. In
one embodiment, the actuator and the end effector assembly
can each have four or more degrees of freedom, which can
include, for example, yawing, pitching, rolling, surging,
heaving, and swaying. The movement of the end effector
assembly can also be different in scale than the movement of
the actuator. In one embodiment, the at least one transmission
rod and the at least one transmission plate can be a first
transmission rod connected to a first transmission plate, a
second transmission rod connected to a second transmission
plate, and a third transmission rod connected to a third trans-
mission plate. Movement of the actuator can be effective to
cause translation of the at least one transmission plate, and
translation of the at least one transmission plate can be effec-
tive to cause translation of the at least one transmission rod
coupled to the at least one transmission plate. In anexemplary
embodiment, the first, second, and third transmission rods
and plates can be configured to cause polyaxial articulation of
the end effector assembly relative to the elongate shaft.

The surgical device can also have various other features.
For example, in one embodiment the mechanical transmis-
sion can be configured to transfer surge of the actuator to the
end effector assembly. This can be achieved by, for example,
by having at least one of a proximal end of the elongate shaft
being spaced a distance apart from the distal end of the frame,
or a distal end of the elongate shaft being spaced a distance
apart from the proximal end of the end effector assembly. The
device can also include an actuation wire coupled between the
actuator and the end effector assembly and configured to
transfer opening and closing motion of the actuator to open-
ing and closing motion of an end effector on the end effector
assembly. In another embodiment, the frame can be
C-shaped.

The actuator can also have various configurations. In an
exemplary embodiment, the actuator is a hand-held actuator
that is configured to be grasped by a user’s hand without
connecting to the user’s forearm/wrist. The actuator can thus
move independent of movement of the user’s wrist joint. In
one embodiment, the actuator can include one or more finger
loops configured to receive human digits. The one or more
finger loops can be pivotable relative to a handle. In an exem-
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plary embodiment, the actuator is a scissor-type actuator,
however other actuator configurations can be used.

In yet another embodiment, a surgical device is provided
and includes a frame having proximal and distal ends, a
hand-held actuator extending distally from a distal-facing
surface of a proximal end of the frame and movable relative to
the frame, an elongate shaft extending distally from the distal
end of the frame and having an end effector assembly mov-
ably coupled to a distal end thereof, and a mechanical trans-
mission extending through the frame and the elongate shaft.
The mechanical transmission can be operably coupled
between the actuator and the end effector assembly such that
the mechanical transmission transfers motion of the actuator
to cause mimicking motion of the end effector assembly. In
one embodiment, the frame can be substantially C-shaped
and the actuator can be positioned between proximal and
distal ends of the frame. In another embodiment, the actuator
and the end effector assembly can be coaxially aligned when
the actuator and the end effector assembly are in a resting
position. Alternatively, the actuator and the end effector
assembly can be axially offset from one another when the
actuator and the end effector assembly are in a resting posi-
tion. The actuator can have various configurations, but pref-
erably it is configured to be grasped by a user’s hand without
attaching to the user’s wrist, as previously described above.

The mechanical transmission can have various configura-
tions, but in one embodiment the mechanical transmission is
in the form of atleast one transmission plate slidably disposed
within the frame and at least one transmission rod connected
to the transmission plate and slidably disposed through the
elongate shaft. The frame can be in the form of first and
second stationary plates coupled to one another, and the at
least one transmission plate can be disposed between the first
and second stationary plates. In an exemplary embodiment,
the mechanical transmission is in the form of a first transmis-
sion plate disposed in the frame and a first transmission rod
connected to the first transmission plate and extending
through the elongate shaft, a second transmission plate dis-
posed in the frame and a second transmission rod connected
to the second transmission plate and extending through the
elongate shaft, and a third transmission plate disposed in the
frame and a third transmission rod connected to the third
transmission plate and extending through the elongate shaft.
The first, second, and third transmission plates and rods can
be effective to cause polyaxial articulation of the end effector
assembly relative to a longitudinal axis of the elongate shaft.
In further aspects, the surgical device can include an input
joint disposed between the actuator and a proximal end of the
mechanical transmission, and an output joint disposed
between the a distal end of the mechanical transmission and
the end effector assembly.

A surgical method s also provided and in one embodiment
the method can include moving an actuator extending distally
from a proximal end of a frame to transfer motion from an
input joint coupled between the actuator a proximal end of the
mechanical transmission, to an output joint coupled between
a distal end of the mechanical transmission and an end effec-
tor assembly to thereby cause mimicking motion of the end
effector assembly. The actuator can be moved, for example,
by polyaxially articulating the actuator to cause correlating
polyaxial articulation of the end effector assembly. In another
embodiment, the mechanical transmission can be at least one
transmission plate slidably coupled to the frame and at least
one transmission rod coupled to the at least one transmission
plate, and moving the actuator can causes at least one of the at
least one transmission plates to slide relative to the frame
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which causes at least one of the transmission rods connected
to the at least one transmission plate to translate longitudi-
nally.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be more fully understood from the fol-
lowing detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1A is a perspective view of one embodiment of a
surgical device in accordance with the present invention;

FIG. 1B is a perspective exploded view of the surgical
device of FIG. 1A,

FIG. 2A is a top perspective exploded view of a proximal
portion of the surgical device of FIG. 1A, showing an actua-
tor, a frame, and a plurality of transmission plates;

FIG. 2B is a perspective view of one of the transmission
plates of FIG. 2A;

FIG. 3A is a bottom perspective view of the proximal
portion of the device of FIG. 1A;

FIG. 3B is a bottom view of the proximal portion of the
device of FIG. 1A,

FIG. 3C is a perspective exploded view of a portion of the
device of FIG. 1A showing the transmission rods and plates;

FIG. 4A is an enlarged perspective view of an input joint of
the device of FIG. 1A;

FIG. 4B is an exploded perspective view of the input joint
of FIG. 4A,;

FIG. 5A is an exploded perspective view of a distal portion
of the device of FIG. 1A, showing an output joint and an end
effector assembly;

FIG. 5B is a perspective view of a housing of the output
joint of FIG. 5A;

FIG. 5C1s an exploded perspective view of the output joint
of FIG. 5A;

FIG. 6A is a side view of the device of FIG. 1A,

FIG. 6B is a top view of the device of FIG. 1A; and

FIG. 7 is a perspective view of the proximal portion of the
device of FIG. 1A.

DETAILED DESCRIPTION OF THE INVENTION

Certain exemplary embodiments will now be described to
provide an overall understanding of the principles of the
structure, function, manufacture, and use of the devices and
methods disclosed herein. One or more examples of these
embodiments are illustrated in the accompanying drawings.
Those skilled in the art will understand that the devices and
methods specifically described herein and illustrated in the
accompanying drawings are non-limiting exemplary embodi-
ments and that the scope of the present invention is defined
solely by the claims. The features illustrated or described in
connection with one exemplary embodiment may be com-
bined with the features of other embodiments. Such modifi-
cations and variations are intended to be included within the
scope of the present invention.

The present invention generally provides methods and
devices for controlling movement of an end effector assem-
bly, and in particular for causing mimicking motion between
an actuator and an end effector assembly. In an exemplary
embodiment, a surgical device is provided having a handle or
actuator, an elongate shaft, and an end effector assembly
coupled to a distal end of the elongate shaft. The handle or
actuator is configured such that movement of the handle is
mimicked, not mirrored, by the end effector assembly. In
other words, the end effector assembly will move in the
identical direction of movement of the actuator. The motion
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can, however, differ in scale. The mimicking motion can be
achieved using various techniques, but in an exemplary
embodiment the actuator is located distal to an input joint, and
motion is transferred to the end effector assembly through an
output joint at a distal end of the elongate shaft. The motion is
preferably transferred using a mechanical transmission
coupled between the input and output joints. A person skilled
in the art will appreciate that the methods and devices dis-
closed herein can be used in connection with a variety of
surgical procedures, including open, laparoscopic, and endo-
scopic procedures.

FIGS. 1A and 1B illustrate one exemplary embodiment of
a laparoscopic device 10 that provides mimicking (not mit-
rored) motion between a handle or actuator 12 and an end
effector assembly 14. As shown, the device 10 generally
includes a frame 16 having proximal and distal ends 16p, 164.
The actuator 12 is movably coupled to the frame 16 by an
inputjoint 18. The input joint 18 positioned distal to a distal-
facing surface 165 of the proximal end 16p of the frame 16
such that the actuator 12 is positioned distal of the input joint
18 and extends distally from the proximal end 16p of the
frame 16. The device 10 also includes an outer shaft 20 having
aproximal end 20p coupled to the distal end 16p of the frame
16. An end effector assembly 14 is movably coupled to adistal
end 204 of the outer shaft 20 by an output joint 22. In use,
motion of the actuator 12 is transferred from the input joint 18
to the output joint 22, e.g., by amechanical transmission, such
that movement of the actuator 12 is mimicked by movement
of the end effector assembly 14. The mimicking motion
results from the location of the actuator 12 being distal, rather
than proximal, to the input joint 18. Since both the actuator 12
and the end effector assembly 14 are distal to the input and
output joints 18, 22, respectively, the end effector assembly
14 can identically mimic (in direction) the movement of the
actuator 12. As indicated above, the motion can, however,
differ in scale such that the motion of the actuator 12 is scaled
up or down when transferred to the end effector assembly 14.
The motion can include various types of movement, such as
pitching (tilting forward and backward), yawing (turning left
and right), rolling (tilting side to side), surging (moving for-
ward and backward), heaving (moving up and down), sway-
ing (moving left and right), and combinations thereof, as will
be discussed in more detail below. A person skilled in the art
will appreciate that, while a laparoscopic device is shown, the
components can be used in a variety of other surgical devices,
including endoscopic devices and other minimally invasive
and open surgical devices. A person skilled in the art will also
appreciate that the term “coupled,” as used herein, is not
limited to a direct connection between two components.

The actuator 12 can have a variety of configurations, and
the particular configuration of the actuator 12 can depend on
the particular configuration of the end effector assembly 14
since the actuator 12 is configured to allow mimicking motion
by the end effector assembly 14. In the illustrated embodi-
ment, the end effector assembly 14 includes an end effector in
the form of opposed jaws 24, and thus the actuator 12 is in the
form of a scissor-type actuator for opening and closing the
opposed jaws 24. The actuator is thus configured to rest in the
palm of a user’s hand, and does not require attachment to a
user’s forearm/wrist. As a result, motion of the actuator rela-
tive to the input joint is independent of and does not corre-
spond to motion of the user’s hand relative to the user’s wrist.
Such a configuration is particularly advantageous as it allows
the user to freely grasp and release the device during use, as
may be desired. Such a configuration can also be advanta-
geous as it does not require the user’s forearm to be aligned
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with the axis of the elongate shaft. Rather, the user’s forearm
can extend at an angle transverse to the elongate shaft axis.

As best shown in FIGS. 1A and 1B, the actuator 12 gener-
ally includes first and second handles 26, 28 having distal
ends 264, 284 that are pivotally coupled to one another and to
a distal end 30d of a central shaft 30. A first link 32 extends
between the first handle 26 and a drive member 36 slidably
disposed around and/or within the central shaft 30, and a
second link 34 extends between the second handle 28 and the
drive member 36. The first and second links 32, 34 are pivot-
ally coupled to the first and second handles 26, 28, respec-
tively, and to the drive member 36. Each handle can include a
finger-loop or opening formed therein for receiving human
digits, such as a thumb and a finger. When the handles 26, 28
are squeezed and moved toward the central shaft 30 to a
closed position, the links 32, 34 pivot to push the drive mem-
ber 36 distally relative to the central shaft 36. An actuation
cable 38 can be coupled to the actuator 12 for transferring
motion of the handles 26, 28 to the jaws 24 on the end effector
assembly 14. While the actuation cable 38 can have a variety
of configurations, in an exemplary embodiment the actuation
cable 38 includes a flexible cable or sheath having an actua-
tion wire (not shown) extending therethrough. The wire can
be mated to the drive member 36. Distal (or forward) move-
ment of the drive member 36 will therefore pull the wire in a
distal direction, which will close the jaws 24 of the end
effector assembly 14, as will be discussed in more detail
below. Movement of the handles 26, 28 away from the central
shaft 30 back to an open position will cause the links 32, 34 to
move the drive member 36 proximally, thereby releasing the
wire and allowing the jaws 24 to open. While not shown, a
spring or other biasing mechanism can be coupled between
the drive member 36 and a proximal portion of the central
shaft 30 to bias the drive member 36 to the proximal position,
thereby biasing the handles 26, 28 to the open position. Fur-
ther details regarding the illustrated actuator are set forth in
U.S. Pat. No. 5,951,574, which is hereby incorporated by
reference in its entirety.

As further shown in FIGS. 1A and 1B, the illustrated end
effector assembly 14 generally includes a clevis 40 having a
generally hollow, elongate cylindrical configuration, and an
end effector in the form of opposed jaws 24 pivotally coupled
to a distal end of the clevis 40. The jaws 24 can be pivotally
coupled to one another and to the clevis 40 at a location distal
to a proximal end of each jaw 24. The actuation wire extend-
ing through the actuation cable 38 can be bifurcated at its
distal end and a first terminal end of the actuation wire can
connect to a proximal end of one of the jaws, and a second
terminal end of the actuation wire can connect to a proximal
end of the other jaw. As a result, proximal movement of the
actuation wire will pull the proximal ends of the jaws 24
inward, thereby moving the jaws 24 to a closed position, as
shown, and distal movement of the actuation wire will push
the proximal ends of the jaws 24 outward, thereby moving the
jaws 24 to an open position. Further details regarding the
illustrated end effector assembly can be found, by way of
non-limiting example, in U.S. Pat. No. 5,330,502 of Hassler
et al., which is hereby incorporated by reference in its
entirety. A person having ordinary skill in the art will appre-
ciate that a variety of other actuators and end effectors can be
used, including, for example, biopsy forceps for endoscopy
and laparoscopic graspers.

The frame 16 is shown in more detail in FIG. 2A and
generally includes two stationary plates 42, 44 that are sub-
stantially identical in shape and that are fixedly coupled to one
another. Each stationary plate 42, 44 can have various shapes
and sizes, but as shown the stationary plates 42, 44 are gen-
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erally C-shaped. Such a configuration will allow the actuator
12 to extend distally from a proximal end 16p of the frame 16
and to extend coaxial with a longitudinal axis A of the outer
shaft 20 when the end effector assembly 14 is in a resting or
neutral position. The actuator 12 can, however, be offset from
a longitudinal axis A of the outer shaft 20. Such offset posi-
tioning of the actuator 12 can be accommodated by calibrat-
ing the end effector assembly 14 and the actuator 12 at relative
initial angles. For example, the initial position, or zero-point,
of the actuator can be set to allow better operator hand posi-
tion relative to the end effector. A person skill in the art will
appreciate that the frame 16 can have a variety of other shapes
and size to accommodate a desired positioning of the actuator
12.

As further shown in FIG. 2A, the stationary plates 42, 44
can be fixedly coupled to one another by one or more pins,
bolts, or other mating elements extending through the station-
ary plates 42, 44. For example, FIG. 2A illustrates a first hole
42a extending through a proximal portion of the first station-
ary plate 42 for receiving a first pin (not shown), and a second
hole 425 extending through a distal portion of the first sta-
tionary plate 42 for receiving a second pin (not shown). The
stationary plates 42, 44 can include any numbers or pins or
other mating elements for rigidly and fixedly mating the
plates 42, 44 such that movement between the first and second
plates 42, 44 is prevented. In an exemplary embodiment, the
stationary plates 42, 44 are held at a fixed distance apart from
one another to allow a portion of the mechanical transmission
to be disposed therebetween. As shown in FIGS. 1A and 3A,
for example, the stationary plates 42, 44 can be held at a fixed
distance apart using a strut of plate 46 that is mated to and
extends between the stationary plates 42, 44.

As further shown in FIG. 2A, the proximal end 42p, 44p of
the stationary plates 42, 44 can include a curved portion that
extends distally to form a distal-facing surface 16s at the
proximal end of the frame 16, and the distal end 424, 444 of
the stationary plates 42, 44 can similarly include a curved
portion that extends distally to allow the distal end to couple
to a proximal end 20p of the outer shaft 20, as will be dis-
cussed in more detail below.

The mechanical transmission can also have a variety of
configurations, but in the illustrated embodiment the
mechanical transmission includes a plurality of transmission
plates 48a, 485, 48¢ and a plurality of transmission rods 50a,
505, 50c. A person skilled in the art will appreciate that the
mechanical transmission is not limited to plates and rods, and
that other mechanical transmission components can be used
to achieve the same effect. As shown in FIGS. 2A and 2B,
each transmission plate 48a-c can have a shape and size that
is substantially identical to the stationary plates 42, 44 that
form the frame 16. The transmission plates 48a-c, however,
can be movably disposed between the stationary plates 42, 44.
In particular, each transmission plate 48a-c can be configured
to slide relative to the stationary plates 42, 44. In an exem-
plary embodiment, the motion of the transmission plates
48a-ccan be limited to sliding movement along a longitudinal
axis that is the same as or parallel to the longitudinal axis A of
the shaft 20. This can be achieved, for example, by forming
longitudinally oriented slots 48s, shown in FIG. 2B, in the
transmission plates for slidably receiving the pins that couple
the stationary plates 42, 44. A person skilled in the art will
appreciate that the plates can include slots or openings having
other configurations configured to allow for movement of the
plates in a desired direction. For example, where the actuator
12 is positioned offset or at an angle relative to the longitu-
dinal axis A, the slots can be angled to accommodate such
positioning. The transmission plates 48a-c can also or alter-
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natively be captured between the stationary plates by one or
more stop or support elements, such as the strut or plate 38
extending between the stationary plates 42, 44, as shown in
FIGS. 1A and 3A.

Each transmission plate 48a-c can be coupled to one of the
transmission rods 50a-c to form a plate-rod assembly. One
exemplary configuration for the transmission rods 50a-c is
shown in FIGS. 3B-3C. As shown, the transmission rods
50a-c can be in the form of semi-rigid to rigid rods having a
proximal end 50p that is fixedly connected to a distal-facing
surface 484 of each transmission plate 48a-c. The transmis-
sion rods 50a-¢ can extend distally from the transmission
plates 48a-c, through the outer shaft 20, and can have a distal
end 504 (FIG. 5A) that is connected to the output joint 22, as
discussed in detail below. The proximal and distal ends 50p,
50d of the transmission rods 50a-¢ can be fixedly connected
to the plates 48a-c and movably coupled to the output joint 22,
respectively, using various techniques known in the art. In the
illustrated embodiment, the proximal terminal ends 50p of the
rods 50a-c extend into and are immovably fixed within bore
holes 48x, 48y, 48z formed in the distal-facing surface 484 of
the distal end of the transmission plates 48a-c, as shown in
FIG. 3C. The ends can be fixed to the plates using adhesives,
by welding, or using various other fixation techniques. As a
result of the fixed connection between the proximal ends 50p
of the transmission rods 50a-c and the distal-facing surface
48d of the transmission plates 48a-c, the rods 50a-c essen-
tially form an extension of the plates 48a-c and thereby move
in coordination with the plates 48a-c. The distal terminal ends
50d of the rods 50a-¢, on the other hand, are preferably
movably coupled to the output joint 22, as will be discussed in
more detail below with respect to FIGS. 5A-5C. In use, the
rigidity of each transmission rod 50a-c can facilitate longitu-
dinal motion of the transmission rods 50a-¢ through the outer
shaft 20 in response to longitudinal motion of the transmis-
sion plates 48a-c relative to the stationary plates 42, 44. Each
plate-rod assembly can be effective to transfer a specific type
of motion from the actuator 12 to the end effector assembly
14, as discussed further below.

As further shown in FIG. 3C, as well as FIG. 1B, while the
transmission rods 50a-c extend through the outer shaft 20, the
transmission rods 50a-c can also extend through an inner
shaft 52 disposed within the outer shaft 20. In particular, the
inner shaft 52 can include three outer channels (only two
channels 525 and 52¢ are shown) formed therein and extend-
ing longitudinally along the length thereof for slidably seat-
ing the transmission rods 50a-c. The outer channels can be
positioned to correspond to the positioning of the transmis-
sionrods 50a-c, as well be discussed in more detail below, and
the channels can be configured to maintain such positioning
of the transmission rods 50a-c. The inner shaft 52 can be
freely movably disposed within the outer shaft 20 such that
the inner shaft 52 can rotate with the transmission rods 50a-c
relative to the outer shaft 20, as will also be discussed in more
detail below.

As indicated above, the mechanical transmission can be
coupled between an input joint 18 and an output joint 22. The
input joint 18 can be fixedly and rigidly coupled to the actua-
tor 12, and it can be movably coupled to the proximal end 48p
of the transmission plates 48a-c. The output joint 22 similarly
can be fixedly and rigidly coupled to the end effector assem-
bly 14, and it can movably couple to the distal end 504 of the
transmission rods 50a-c. The input and output joints 18, 22
can have various configurations, but each joint is preferably
configured to allow motion of the actuator 12 to be transferred
through the mechanical transmission to cause mimicking
motion of the end effector assembly 14. In an exemplary
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embodiment, the input and output joints 18, 22 are in the form
of wrists that pivot in response to motion of the mechanical
transmission. In an exemplary embodiment, each wrist
includes a plurality of sockets formed therein for movably
seating a ball. The number of sockets can correspond to the
number of plate-rod assemblies used in the mechanical trans-
mission. In use, the wrists can allow the actuator 12 and end
effector assembly 14 to have one or more degrees of freedom,
including pitching (tilting forward and backward), yawing
(turning left and right), rolling (tilting side to side), surging
(moving forward and backward), heaving (moving up and
down), swaying (moving left and right), and combinations
thereof.

FIGS. 4A-4B illustrate one exemplary configuration for an
input joint 18. As illustrated, the wrist that forms the input
joint 18 is in the form of a housing 54 that is fixedly coupled
to a proximal-facing surface of a proximal end 30p of the
central shaft 30 of the actuator 12. The illustrated housing 54
can include a cylindrical portion 54a and a collar 544 dis-
posed around the cylindrical portion 54a. The particular con-
figuration of the cylindrical portion 54a and the collar 545
will be discussed in more detail below with respect to the
output joint 22. In general, a distal end of the cylindrical
portion 54a can extend into a corresponding lumen (not
shown) formed in the central shaft 30 of the actuator 12, and
a proximal end of the cylindrical portion 54a and the collar
545 can couple to the mechanical transmission. In particular,
when the collar 545 is disposed around the cylindrical portion
54a, the collar 545 and cylindrical portion 54a will form
sockets, discussed further below. Each socket is configured to
trap and movably seat a ball end (not shown) formed on a
proximal end of a connecting rod 60a, 605, 60c for movably
mating the input joint 18 to the transmission pates 48a-c.
Each connecting rod 60a-¢ can have a generally rigid or
semi-rigid configuration, with a proximal end that extends
into and fixedly mates with a bore hole 624, 625, 62¢ formed
in the distal-facing surface of the proximal end 486 of a
transmission plate 48a-c to thereby mate the actuator 12 to the
transmission plates 48a-c. The components can be fixedly
mated to one another using various techniques known in the
art, such as welding or with adhesives.

FIGS.5A-5B illustrate one exemplary configuration for an
output joint 22, which can be similar to the input joint. As
illustrated, the wrist that forms the output joint 22 is in the
form of a housing 56 that is fixedly coupled to a proximal end
14p of the end effector assembly 14. The illustrated housing
54 includes a cylindrical portion 56a and a collar 565 dis-
posed around the cylindrical portion 54b. As shown in FIG.
5B, the cylindrical portion 56a has three cut-outs 58a, 585,
58¢ formed in an external surface thereof adjacent to a termi-
nal end thereof for seating ball ends on the transmission rods
50a-c. The cut-outs 58a-c can be spaced equidistant around a
perimeter of the cylindrical. The collar 565, shown in FIG.
5C, can similarly include three cut-outs 64a, 64b, 64¢ formed
in an inner surface thereof that align with the cut-outs 58a-¢
formed in the cylindrical portion 56a. As a result, when the
collar 565 1s disposed around the cylindrical portion 56a, the
cut-outs in the collar 565 and cylindrical portion 56a will
form the sockets that trap the ball ends of the transmission
rods 50a-c therein. The opposite end of the cylindrical portion
56a for the output joint 22 can be inserted into a correspond-
ing lumen 141 formed in the end effector assembly 14. The
components can be fixedly mated to one another using vari-
ous techniques known in the art, such as welding or with
adhesives.

In use, each plate-rod assembly can transfer a predeter-
mined motion from the input joint 18 to the output joint 22.
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The predetermined motion caused by each plate-rod assem-
bly can be determined by the location of the ball-and-socket
joint within the input and output joints 18, 22. For example, as
best shown in FIG. 4B, the connecting rods 60a-c, which
extend from the sockets in the input joint 18, can have a
triangular configuration around the central axis A. As a result,
a first connecting rod 60a (and thus a first socket, not shown)
will be positioned inferior and laterally offset, e.g., to the
right, of'the central axis A, a second connecting rod 605 (and
thus a second socket, not shown) will be positioned superior
to the central axis A, and a third connecting rod 60c¢ (and thus
a third socket, not shown) will be positioned inferior and
laterally offset, e.g., to the left, of the central axis A. The
output joint 22 can have the same positioning of sockets
64a-c, as shown in FIG. 5C. As a result, each transmission
plate-rod assembly will transfer a predetermined motion from
the input joint 18 to the output joint 22. In particular, since
connecting rod 605 is positioned superior to the axis A, con-
necting rod 605 will transfer pitch (up/down) of the actuator
12 to the end effector assembly 14, and since connecting rods
60a and 60c are positioned inferior and laterally outward
relative to the axis A, connecting rods 60a and 60c will
transfer yaw (left/right) of the actuator 12 to the end effector
assembly 14. Such movements are illustrated and discussed
in more detail with respect to FIGS. 6A and 6B. A person
skilled in the art will appreciate that the mechanical transmis-
sion can include any number of plate-rod assemblies, and
additional plate-rod assemblies may provide additional free-
dom of movement and control over such movement. For
example, in another embodiment the mechanical transmis-
sion can include four plates and four rods, and the rods can be
positioned equidistant around a circumference of the input
and output joints 18, 22. As such, two of the rods on opposite
sides of'the joint can provide pitch and the other two rods can
provide yaw. In other embodiments, the mechanical transmis-
sion can include five or six plate-rod assemblies.

Referring first to FIG. 6 A, pivotal movement of the actua-
tor 12, and thus the input joint 18, in an upward direction P,
will push the superior positioned connecting rod 605 proxi-
mally, thereby pushing transmission plate 485 proximally.
Proximal movement of transmission plate 486 will cause
corresponding proximal movement of transmission rod 505,
which in turn will pivot within the socket 644 in the housing
56 to pull on the top of the output joint 22 causing the output
joint 22, and thus the end effector assembly 14 mated thereto,
to pivot in the same direction as the actuator 12, i.e., in an
upward direction P,. Conversely, pivotal movement of the
actuator 12, and thus the input joint 18, in a downward direc-
tion P, will pull connecting rod 605 distally, thereby pulling
the first transmission plate 485 distally. Distal movement of
transmission plate 485 will cause corresponding distal move-
ment of transmission rod 505, which in turn will push on the
top of the output joint 22 causing the output joint 22, and thus
the end effector assembly 14 mated thereto, to pivot in the
same direction as the actuator 12, i.e., in a downward direc-
tion P,

Referring to FIG. 6B, pivotal movement of the actuator 12,
and thus the input joint 18, in a leftward direction. Y, will
push connecting rod 60c proximally while pulling connecting
rod 60a distally. As a result, transmission plate 48¢ is pushed
proximally by connecting rod 60c¢ and transmission plate 48a
is pulled distally by connecting rod 60a. Proximal movement
of transmission plate 48¢ and distal movement of transmis-
sion plate 484 will cause corresponding proximal movement
of transmission rod 50¢ and distal movement of transmission
rod 50a, which in turn will cause the rods 50¢, 50c¢ to pivot
within the sockets 64¢, 64a in the housing 56 and will to pull
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on the left side of the output joint 22 and push on the right side
of the output joint 22 causing the output joint 22, and thus the
end effector assembly 14 mated thereto, to pivot in the same
direction as the actuator 12, i.e., in a leftward direction Y.
Conversely, pivotal movement of the actuator 12, and thus the
input joint 18; in a rightward directionY, will pull connecting
rod 60a distally while pushing connecting rod 60c proxi-
mally. As a result, transmission plate 48a is pulled distally by
connecting rod 60a and transmission plate 48¢ is pushed
proximally by connecting rod 60c. Distal movement of trans-
mission plate 48¢ and proximal movement of transmission
plate 484 will cause corresponding distal movement of trans-
mission rod 50a and proximal movement of transmission rod
50¢, which in turn will push on the left side of the output joint
22 and pull on the right side of the output joint 22 causing the
output joint 22, and thus the end effector assembly 14 mated
thereto, to move in the same direction as the actuator 12, i.e.,
to pivot in a rightward direction Y.

The device can also be configured to transfer surging of the
actuator 12 to the end effector assembly 14. In particular,
movement of the actuator 12 in a direction indicated by the
arrow labeled S in FIG. 6B can simultaneously move all three
plate-rod assemblies in forward and backward directions
relative to the frame 16 and the outer shaft 20. As a result of
such movement, the end effector assembly 14 will surge in
coordination with the actuator 12, i.e., the end effector assem-
bly 14 will move forward and backward relative to the outer
shaft 20 and frame thereby mimicking the motion of the
actuator 12. While various techniques can be used to allow for
surging of the actuator 12, and thus the end effector assembly
14, in one embodiment the outer shaft 20 can have a length
that is less than the length of the transmission rods 50a-c, as
measured from the distal-facing surface at the distal end 484
of the transmission plates 48a-c to the proximal end 14p of the
end effector assembly 14. The difference in length can pro-
vide a gap between one end of the outer shaft 20 and the clevis
40 on the end effector assembly 14. This is illustrated in FIG.
7, which shows the proximal end 20p of the outer shaft 20
being spaced a distance X apart from the distal-facing surface
48d of the transmission plates 48a-c. While not shown, the
distal end 204 of the outer shaft 20 can abut, but be free from
attachment to, the proximal end 14p of the clevis 40 on the
end effector assembly 14. The outer shaft 20 can, however, be
fixedly coupled to the clevis 40 by a joining element, such as
the L-shaped block 66 shown in FIG. 7. As a result, the outer
shaft 20 will remain fixed relative to the frame 16, thus allow-
ing the entire mechanical transmission to surge (move for-
ward and backward) relative to the frame 16. In particular,
when the actuator 12 is moved forward or distally relative to
the frame 16, the actuator 12 will move all three plate-rod
assemblies ina distal direction relative to the frame 16 and the
outer shaft 20, which is fixed to the frame 16. The inner shaft
52 can also move with the transmission rods 50a-c. As a result
of such movement, the end effector assembly 14 will move
distally thereby closing or eliminating the gap between the
proximal end 20p of the shaft 20 and the transmission plates
48a-c. and forming or increasing a gap between the distal end
20d of the outer shaft 20 and the end effector assembly 14.
Conversely, movement of the actuator 12 in a backward or
proximal direction relative to the frame 16 will move all three
plate-rod assemblies in a proximal direction relative to the
frame 16 and the outer shaft 20. As a result, the end effector
assembly 14 will move proximally thereby creating or
increasing the gap between the proximal end 20p of the shaft
20 and the transmission plates 48a-¢, and closing or eliminat-
ing the gap between the distal end 204 of the outer shaft 20
and the end effector assembly 14.
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A person skilled in the art will appreciate that, while the
illustrated mechanical transmission and input and output
joints 18, 22 provide for four degrees of freedom (pitch, yaw,
roll, and surge), the actuator 12 and end effector assembly 14
are polyaxially movable, and thus the motion can include any
combination of pitch, yaw, roll, and surge. Moreover, the
mechanical transmission and input and output joints 18, 22
can be configured to provide for any number and any combi-
nation of degrees of freedom. For example, additional
degrees of freedom, such as heave (translation of the entire
end effector assembly 14 upward and downward) and sway
(translation of the entire end effector assembly 14 in left and
right directions), can be provided through additional plate-
rod assemblies and/or through additional joints.

The mechanical transmission, and/or input and output
joints 18, 22 can also be configured to allow for motion
scaling, i.e., the motion of the actuator 12 is increased or
decreased when transferred to the end effector assembly 14.
For example, in one embodiment, the sockets 64a-c between
the transmission rods 50a-c¢ and the housing 56 at the output
joint 22 can be positioned a distance radially outward from
the longitudinal axis A that is greater then a distance between
the longitudinal axis and the socket on the input joint 18,
thereby scaling down the motion of the end effector assembly
14 relative to the actuator 12. As a result, large movement of
the actuator 12 will result in smaller movement of the end
effector assembly 14.

As previously explained, the device 10 can also include an
actuation cable 38 extending from the actuator 12, through
the frame 16 and the outer shaft 20, and coupling to the end
effector assembly 14 to actuate the end effector, e.g., open/
close, fire, etc. The actuation cable 38 need not be part of the
mechanical transmission, and instead can merely extend
through one of more lumens formed in the frame 16 and the
outer shaft 20. In particular, the housing 54 of the input joint
18 can include a central lumen (not shown) extending there-
through for receiving the actuation cable 38, which is coupled
to the actuator 12. The cable 38 can extend out through the
lumen in the input joint 18 and can extend through a central
hole 68 (FIG. 4B) formed in the proximal end of the second
transmission plate 485. This will allow the cable 38 to extend
around an exterior portion of the frame 16, as shown in FIG.
1A. The cable 38 can then extend into a hole 70 (FIG. 2A)
formed in a distal end of the second transmission plate 48b
and can extend through the outer shaft 20. In an exemplary
embodiment, the inner shaft 52 has a central lumen formed
therein for receiving the actuation cable 38. Alternatively, one
of the channels in the inner shaft 52 can be configured to seat
both a transmission rod 48a-c and the actuation cable 38. The
distal end of the actuation cable 38 can be coupled to the end
effector 14, as previously explained.

A person skilled in the art will appreciate that the present
invention has application in conventional endoscopic and
open surgical instrumentation as well application in robotic-
assisted surgery.

The devices disclosed herein can be designed to be dis-
posed 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 pieces
or parts of the device can be selectively replaced or removed
in any combination. By way of non-limiting example, the end
effector assembly 14 can be removed, cleaned, sterilized, and
reused. Upon cleaning and/or replacement of particular parts,
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the device can be reassembled for subsequent use either at a
reconditioning facility, or by a surgical team 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 recon-
ditioned device, are all within the scope of the present appli-
cation.

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 is placed in a
closed and sealed container, such as a plastic or TY VEK bag.
The container and its contents are then placed in a field of
radiation that can penetrate the container, 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 is opened
in the medical facility.

It is preferred that device is sterilized. This can be done by
any number of ways known to those skilled in the art includ-
ing beta or gamma radiation, ethylene oxide, steam.

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 refer-
ences cited herein are expressly incorporated herein by ref-
erence in their entirety.

What is claimed is:

1. A surgical device, comprising:

a frame having proximal and distal ends;

an elongate shaft extending distally from the distal end of
the frame;

a mechanical transmission extending through the frame
and elongate shaft, the transmission extending between
an input joint at the proximal end of the frame and an
output joint at a distal end of the elongate shaft, the
transmission including at least one transmission plate
disposed in the frame and slidably movable along a
longitudinal axis of the device relative to the frame;

an actuator extending distally from the proximal end of the
frame, the actuator being coupled to the input joint and
being polyaxially movable relative to the frame; and

an end effector assembly positioned distal of the distal end
of the elongate shaft, the end effector assembly being
coupled to the output joint;

wherein motion of the input joint is effective to cause
correlating motion of the output joint such that move-
ment of the actuator is mimicked by movement of the
end effector assembly.

2. The surgical device of claim 1, wherein the output joint
comprises a ball-and-socket connection formed between the
mechanical transmission and the end effector assembly.

3. The surgical device of claim 1, wherein the input joint
comprises a ball-and-socket connection formed between the
mechanical transmission and the actuator.

4. The surgical device of claim 1, wherein the mechanical
transmission comprises at least one transmission rod having a
distal end connected to the output joint and a proximal end
connected to at least one transmission plate slidably disposed
in the frame, the at least one transmission plate having a
proximal end coupled to the input joint.
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5. The surgical device of claim 4, wherein the proximal end
of the at least one transmission plate is coupled to the input
joint by a coupler rod extending from the at least one trans-
mission plate.

6. The surgical device of claim 4, wherein the at least one
transmission rod and the at least one transmission plate com-
prises a first transmission rod connected to a first transmission
plate, a second transmission rod connected to a second trans-
mission plate, and a third transmission rod connected to a
third transmission plate, the first, second, and third transmis-
sion rods and plates being configured to cause polyaxial
articulation of the end effector assembly relative to the elon-
gate shaft.

7. The surgical device of claim 4, wherein movement of the
actuator is effective to cause translation of the at least one
transmission plate, and wherein translation of the at least one
transmission plate is effective to cause translation of the at
least one transmission rod coupled to the at least one trans-
mission plate.

8. The surgical device of claim 1, wherein the actuator and
the end effector assembly each have at least four degrees of
freedom.

9. The surgical device of claim 8, wherein the at least four
degrees of freedom are selected from the group consisting of
surging, heaving, swaying, yawing, pitching, and rolling.

10. The surgical device of claim 1, wherein the actuator and
the end effector assembly are configured to surge relative to
the elongate shaft.

11. The surgical device of claim 1, further comprising an
actuation wire coupled between the actuator and the end
effector assembly and configured to transfer opening and
closing motion of the actuator to opening and closing motion
of an end effector on the end effector assembly.

12. The surgical device of claim 1, wherein the frame is
C-shaped.

13. The surgical device of claim 1, wherein the movement
of the end effector assembly is different in scale than the
movement of the actuator.

14. A surgical device, comprising:

a frame having proximal and distal ends;

ahand-held actuator extending distally from a distal-facing

surface of a proximal end of the frame and having at least
four degrees of freedom relative to the frame, the actua-
tor being configured to be grasped by a user’s hand
without attaching to the user’s wrist;

an elongate shaft extending distally from the distal end of

the frame and having an end effector assembly movably
coupled to a distal end thereof; and

a mechanical transmission extending through the frame

and the elongate shaft, the mechanical transmission
being operably coupled between the actuator and the end
effector assembly such that the mechanical transmission
transfers motion of the actuator to cause mimicking
motion of the end effector assembly,

wherein the at least four degrees of freedom include at least

one of rolling about a longitudinal axis of the device and
surging along the longitudinal axis.

15. The surgical device of claim 14, wherein the hand-held
actuator comprises a scissor-type actuator.

16. The surgical device of claim 14, wherein the frame is
substantially C-shaped and the actuator is positioned between
proximal and distal ends of the frame.

17. The surgical device of claim 14, wherein the mechani-
cal transmission comprises at least one transmission plate
slidably disposed within the frame and at least one transmis-
sion rod connected to the transmission plate and slidably
disposed through the elongate shaft.
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18. The surgical device of claim 14, wherein the frame
comprises first and second stationary plates coupled to one
another, and wherein the mechanical transmission extends
between the first and second stationary plates.

19. The surgical device of claim 14, wherein the mechani-
cal transmission comprises:

a first transmission plate disposed in the frame and a first
transmission rod connected to the first transmission
plate and extending through the elongate shaft;

a second transmission plate disposed in the frame and a
second transmission rod connected to the second trans-
mission plate and extending through the elongate shaft;
and

athird transmission plate disposed in the frame and a third
transmission rod connected to the third transmission
plate and extending through the elongate shaft.

20. The surgical device of claim 19, wherein the first,
second, and third transmission plates and rods are effective to
cause polyaxial articulation of the end effector assembly rela-
tive to a longitudinal axis of the elongate shaft.

21. The surgical device of claim 14, wherein the elongate
shaft includes an outer tube spaced a distance apart from at
least one of the distal end of the frame and a proximal end of
the end effector assembly.

22. The surgical device of claim 14, further comprising an
input joint disposed between the actuator and a proximal end
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of the mechanical transmission, and an output joint disposed
between a distal end of the mechanical transmission and the
end effector assembly.

23. The surgical device of claim 14, wherein the actuator
and the end effector assembly are coaxially aligned when the
actuator and the end effector assembly are in a resting posi-
tion.

24. A surgical device, comprising:

a frame having proximal and distal ends;

an elongate shaft extending distally from the distal end of
the frame;

a mechanical transmission extending through the frame
and elongate shaft, the transmission extending between
an input joint at the proximal end of the frame and an
output joint at a distal end of the elongate shaft;

an actuator extending distally from the proximal end of the
frame, the actuator being coupled to the input joint; and

an end effector assembly positioned distal of the distal end
of the elongate shaft, the end effector assembly being
coupled to the output joint;

wherein motion of the input joint is effective to cause
correlating motion of the output joint such that move-
ment of the actuator is mimicked by movement of the
end effector assembly, and wherein at least one of the
input joint and the output joint comprises a ball-and-
socket connection.
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