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feature between the port 450 itself and the cautery shaft 426.
Both the suction and irrigation aspects share a single lumen
that extends to the surgical site in the cautery shaft 426.

The relative location of the valve system in relation to the
functional tip of the device plays a large role in the amount
of dead space in the system. Dead space is the volume that
is not directly controlled by the valve. In the case of the prior
art SurgiWand™ device, the entire volume of the cautery
shaft is dead space since—for example—irrigation does not
stop when the valve is released but rather after the irrigation
fluid has been drained from the shaft. Minimizing that dead
space can result in better reaction times for the system. One
method for limiting that dead space would be to run two
lumens to the forearm and then have them combine with the
single cautery shaft. In one embodiment of this design, the
valves are located at the back of the forearm 400. In the
preferred embodiment, the valves are located extracorporeal
to the patient and the lines rely on the surface tension and
produced vacuum of the irrigation fluid to prevent unin-
tended drainage of the fluid.

It is understood that alternative embodiments of the
forearm with the cautery end effector can use pneumatics,
hydraulics, shape memory metals, or alternative drive meth-
ods to further improve the behavior of the suction/irrigation
sleeve. In further implementations, brushless motors can be
used. In addition, certain embodiments have a retractable
sleeve that has additional holes along the outer edge and
extending upwards along the axis of the sleeve. These holes
can help to prevent damaging forces during occlusion of the
suction tip. In yet another alternative implementation, the
suction/irrigation configuration with the single lumen
extending along the length of the forearm could also be used
in other types of forearms and/or end effectors, such as
graspers or scissors.

There are certain advantages to these embodiments of a
cautery end effector. For example, the surgeon does not need
change the control modality at all since the functional point
of the cautery is also the functional point of suction/irriga-
tion system. Further, there is also added benefit in how the
cautery is allowed to roll, because the orientation of the hook
can play a big role in its effectiveness.

While multiple embodiments are disclosed, still other
embodiments of the present invention will become apparent
to those skilled in the art from the following detailed
description, which shows and describes illustrative embodi-
ments of the invention. As will be realized, the invention is
capable of modifications in various obvious aspects, all
without departing from the spirit and scope of the present
invention. Accordingly, the drawings and detailed descrip-
tion are to be regarded as illustrative in nature and not
restrictive.

Although the present invention has been described with
reference to preferred embodiments, persons skilled in the
art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the
invention.

What is claimed is:

1. A robotic device comprising:

(a) an elongate device body comprising:

(1) a first lower gear drivetrain comprising:

(A) a first motor disposed within the elongate device
body; and

(B) a first driveshaft operably coupled to the first
motor and fixedly attached to a first lower bevel
gear, wherein the first driveshaft is disposed
within and independently rotatable in relation to a
first upper bevel gear, wherein the first driveshaft
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is concentric with the first lower bevel gear and
the first upper bevel gear; and

(i1) a first upper gear drivetrain comprising a second
motor disposed within the elongate device body,
wherein the second motor is operably coupled to the
first upper bevel gear;

(b) a first shoulder joint comprising a first output shaft
fixedly attached to a first output bevel gear, wherein the
first output bevel gear is mechanically engaged with the
first upper and first lower bevel gears; and

(c) a first arm operably coupled to the first shoulder joint.

2. The robotic device of claim 1, wherein the first arm is
a first upper arm, wherein the device further comprises a first
forearm operably coupled to the first upper arm.

3. The robotic device of claim 2, further comprising a first
end effector operably coupled to the first forearm.

4. The robotic device of claim 1, further comprising:

(a) a second lower gear drivetrain comprising:

(1) a third motor;

(i1) a second driveshaft operably coupled to the third
motor and fixedly attached to a second lower bevel
gear, wherein the second driveshaft is disposed
within and independently rotatable in relation to a
second upper bevel gear, wherein the second drive-
shaft is concentric with the second lower bevel gear
and the second upper bevel gear;

(b) a second upper gear drivetrain comprising a fourth
motor operably coupled to the second upper bevel gear;

(c) a second shoulder joint comprising a second output
shaft fixedly attached to a second output bevel gear,
wherein the second output bevel gear is mechanically
engaged with the second upper and second lower bevel
gears; and

(d) a second arm operably coupled to the second shoulder
joint.

5. The robotic device of claim 4, wherein the second arm
is a second upper arm, wherein the device further comprises
a second forearm operably coupled to the second upper arm.

6. The robotic device of claim 5, further comprising a
second end effector operably coupled to the second forearm.

7. The robotic device of claim 1, wherein the second
motor is disposed distal of the first motor within the elongate
device body.

8. The robotic device of claim 7, wherein the first and
second motors are coaxial.

9. The robotic device of claim 1, wherein the first and
second motors are disposed proximal of the shoulder joint
within the elongate device body.

10. A robotic device comprising:

(a) an elongate device body comprising:

(1) a first shoulder gear set, comprising:

(A) a first upper bevel gear;

(B) a first lower bevel gear;

(C) a first output bevel gear mechanically engaged
with the first upper and first lower bevel gears;

(ii) a first lower gear drivetrain comprising:

(A) a first motor disposed within the elongate device
body;

(B) a first driveshaft operably coupled to the first
motor and fixedly attached to the first lower bevel
gear, wherein the first driveshaft is disposed
within and independently rotatable in relation to
the first upper bevel gear, wherein the first drive-
shaft is concentric with the first upper and lower
bevel gears;
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(iii) a first upper gear drivetrain comprising a second
motor disposed within the elongate device body,
wherein the second motor is operably coupled to the
first upper bevel gear;

(b) a first shoulder joint comprising a first output shaft
fixedly attached to the first output bevel gear; and

(c) a first arm operably coupled to the first shoulder joint.

11. The robotic device of claim 10, wherein the first arm
is a first upper arm, wherein the device further comprises a
first forearm operably coupled to the first upper arm.

12. The robotic device of claim 11, further comprising a
first end effector operably coupled to the first forearm.

13. The robotic device of claim 10, further comprising:

(a) a second shoulder gear set, comprising:

(1) a second upper bevel gear;

(i1) a second lower bevel gear;

(iii) a second output bevel gear mechanically engaged
with the second upper and second lower bevel gears;

(b) a second lower gear drivetrain comprising:

(1) a third motor disposed within the elongate device
body;

(i1) a second driveshaft operably coupled to the third
motor and fixedly attached to the second lower bevel
gear, wherein the second driveshaft is disposed
within and independently rotatable in relation to the
second upper bevel gear, wherein the second drive-
shaft is concentric with the second upper and second
lower bevel gears;

(c) a second upper gear drivetrain comprising a fourth
motor disposed within the elongate device body,
wherein the fourth motor is operably coupled to the
second upper bevel gear;

(d) a second shoulder joint comprising a second output
shaft fixedly attached to the second output bevel gear;
and

(e) a second arm operably coupled to the second shoulder
joint.

14. The robotic device of claim 13, wherein the second
arm is a second upper arm, wherein the device further
comprises a second forearm operably coupled to the second
upper arm.

15. The robotic device of claim 14, further comprising a
second end effector operably coupled to the second forearm.

16. The robotic device of claim 10, wherein the second
motor is disposed distal of the first motor within the elongate
device body.

17. The robotic device of claim 16, wherein the first and
second motors are coaxial.

18. The robotic device of claim 10, wherein the first and
second motors are disposed proximal of the shoulder joint
within the elongate device body.

19. A robotic surgical device comprising:

(a) an elongate body sized to be disposable through an

incision in a patient, the elongate body comprising:
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(1) a first shoulder drivetrain comprising:

(A) a first motor disposed within the elongate body;

(B) a first driveshaft disposed within the elongate
body and rotatably coupled to the first motor; and

(C) a second motor disposed within the elongate
body;

(i1) a second shoulder drivetrain comprising:

(A) a third motor disposed within the elongate body;

(B) a second driveshaft disposed within the elongate
body and rotatably coupled to the third motor; and

(C) a fourth motor disposed within the elongate
body;

(b) a first shoulder joint disposed at a distal end of the
elongate body, the first shoulder joint comprising:

(1) a first upper gear rotatably coupled to the second
motor, the first upper gear comprising a first gear
opening defined therein, wherein the first driveshaft
is disposed through the first gear opening such that
the first upper gear is independently rotatable in
relation to the first driveshaft;

(i1) a first lower gear fixedly attached to the first
driveshaft, wherein the first driveshaft is concentric
with the first upper gear and the first lower gear; and

(iii) a first output gear mechanically engaged with first
upper gear and the first lower gear;

(c) a second shoulder joint disposed at the distal end of the
elongate body, the second shoulder joint comprising:
(1) a second upper gear rotatably coupled to the fourth

motor, the second upper gear comprising a second
gear opening defined therein, wherein the second
driveshaft is disposed through the second gear open-
ing such that the second upper gear is independently
rotatable in relation to the second driveshaft;

(i) a second lower gear fixedly attached to the second
driveshaft, wherein the second driveshaft is concen-
tric with the second upper gear and the second lower
gear; and

(iii) a second output gear mechanically engaged with
second upper gear and the second lower gear;

(d) a first arm operably coupled to the first shoulder joint;
and

(e) a second arm operably coupled to the second shoulder
joint.

20. The robotic device of claim 19, wherein

the second motor is distal to and coaxial with the first
motor;

the fourth motor is distal to and coaxial with the third
motor;

the first output gear has an axis of rotation that is
transverse to an axis of rotation of the first upper gear
and the first lower gear; and

the second output gear has an axis of rotation that is
transverse to an axis of rotation of the second upper
gear and the second lower gear.
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