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by the slide. The instrument drive unit is configured to move along the track and
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actuate functions of the electromechanical instrument. The slide is configured to
rotate relative to the robotic arm about a longitudinal axis defined by the instrument
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SURGICAL ROBOTIC SYSTEMS

BACKGROUND

[0001] Surgical robotic systems have been used in minimally invasive medical procedures.
Some surgical robotic systems included a console supporting a surgical robotic arm and a surgical
instrument having at least one end effector (e.g., forceps or a grasping tool) mounted to the robotic
arm. The robotic arm provided mechanical power to the surgical instrument for its operation and

movement.

[0002] Manually-operated surgical instruments often included a handle assembly for
actuating the functions of the surgical instrument. However, when using a robotic surgical system,
no handle assembly was typically present to actuate the functions of the end effector. Accordingly,
to use each unique surgical instrument with a robotic surgical system, an instrument drive unit was
used to interface with the selected surgical instrument to drive operations of the surgical

instrument.

[0003] The instrument drive unit was typically coupled to the robotic arm via a slide. The
slide allowed the instrument drive unit and the attached surgical instrument to move along an axis
of the slide, providing a means for adjusting the axial position of the end effector of the surgical

instrument.

SUMMARY

[0004] In accordance with an aspect of the present disclosure, a surgical robotic system is

provided and includes a robotic arm, an elongated slide, and an instrument drive unit. The slide is
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coupled to the robotic arm and defines a track. The instrument drive unit is coupled to the track
and is configured to move along the track. The instrument drive unit includes a motor configured
to interface with an electromechanical instrument to actuate functions of the electromechanical
instrument. The slide is configured to rotate relative to the robotic arm about a longitudinal axis

defined by the instrument drive unit.

[0005] In aspects of the present disclosure, the motor may have a coupler for interfacing
with a corresponding coupler of the electromechanical surgical instrument. The coupler may be

disposed adjacent a proximal end of the instrument drive unit.

[0006] In aspects of the present disclosure, the instrument drive unit may further include a
housing slidably coupled to the track of the slide. The housing may have the motor disposed

therein.

[0007] In aspects of the present disclosure, the coupler may be disposed within a proximal

end of the housing. In aspects, the coupler may be a gear.

[0008] In aspects of the present disclosure, the housing may define an elongated channel
along its length. The channel may be dimensioned for receipt of a shaft of the electromechanical

instrument. The channel may be coaxial with the longitudinal axis of the instrument drive unit.

[0009] In aspects of the present disclosure, the housing may have a proximal end

configured to support thereon a body portion of the electromechanical instrument.

[0010] In aspects of the present disclosure, the proximal end of the housing may be

configured to non-rotatably support the electromechanical instrument.
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[0011] In aspects of the present disclosure, the instrument drive unit may rotate relative to

the robotic arm with a rotation of the slide.

[0012] In aspects of the present disclosure, the surgical robotic system may further include
a coupling member attached to an end portion of the robotic arm. The coupling member may
rotatably support the slide thereon. The coupling member may include a cannula configured for
receipt of a shaft of the electromechanical instrument. The longitudinal axis about which the slide

is configured to rotate may be coaxial with the cannula.

[0013] In aspects of the present disclosure, the robotic surgical system may further include
an electro-mechanical actuator coupled to the slide and configured to rotate the slide about the
longitudinal axis of the instrument drive unit. The electro-mechanical actuator may include a drive
motor and a gear driven by the drive motor. The gear may be operably coupled to the slide, such

that actuation of the drive motor effects a rotation of the slide.

[0014] Further details and aspects of exemplary embodiments of the present disclosure are

described in more detail below with reference to the appended figures.

[0015] As used herein, the terms parallel and perpendicular are understood to include
relative configurations that are substantially parallel and substantially perpendicular up to about +

or — 10 degrees from true parallel and true perpendicular.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of the present disclosure are described herein with reference to the

accompanying drawings, wherein:

[0017] FIG. 1 is a schematic illustration of a surgical robotic system including an

instrument drive unit coupled to a slide in accordance with the present disclosure;

[0018] FIG. 2 is a partial perspective view of the instrument drive unit and an

electromechanical instrument coupled to the slide of the surgical robotic system;

[0019] FIG. 3 is a cross-section, taken alone line 3-3 in FIG. 2, of the instrument drive unit

and the slide;

[0020] FIG. 4A is a perspective view of a first side of the slide coupled to a surgical robotic

arm of the surgical robotic system,;

[0021] FIG. 4B is a perspective view of a second side of the slide coupled to the surgical
robotic arm;

[0022] FIG. 5 is an enlarged view of the slide illustrated being supported on a coupling
member;

[0023] FIG. 6 is a perspective view, with parts separated, of another embodiment of a slide,

a coupling member, and an instrument drive unit in accordance with the principles of the present

disclosure; and
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[0024] FIG. 7 is a perspective view, with parts separated, of yet another embodiment of a
slide, a coupling member, and an instrument drive unit in accordance with the principles of the

present disclosure.

DETAILED DESCRIPTION

[0025] Embodiments of the presently disclosed surgical robotic system and methods of use
thereof are described in detail with reference to the drawings, in which like reference numerals
designate identical or corresponding elements in each of the several views. As used herein, the
term “distal” refers to that portion of the surgical robotic system or component thereof that is
closest to the patient, while the term “proximal” refers to that portion of the surgical robotic system

or component thereof further from the patient.

[0026] As will be described in detail below, provided is a surgical robotic system including
a robotic arm, an elongated slide or rail coupled to the robotic arm, and an instrument drive unit
configured to drive an operation of an attached surgical instrument. The slide defines a track along
which the instrument drive unit is axially movable. The slide is coupled to the robotic arm, such
that the slide and the attached instrument drive unit are rotatable about a longitudinal axis defined
by the slide. The instrument drive unit is configured to allow for a top-loading of the surgical

instrument.

[0027] Referring initially to FIG. 1, a surgical system, such as, for example, a surgical
robotic system 1, generally includes a plurality of surgical robotic arms 2, 3 having an instrument
drive unit 20 and an electromechanical instrument 10 removably attached thereto; a control device

4; and an operating console 5 coupled with control device 4. Operating console 5 includes a
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display device 6, which is set up in particular to display three-dimensional images; and manual
input devices 7, 8, by means of which a person (not shown), for example a surgeon, is able to
telemanipulate robotic arms 2, 3 in a first operating mode, as known in principle to a person skilled

in the art.

[0028] Each of the robotic arms 2, 3 may be composed of a plurality of members, which
are connected through joints. Robotic arms 2, 3 may be driven by electric drives (not shown) that
are connected to control device 4. Control device 4 (e.g., a computer) is set up to activate the
drives, in particular by means of a computer program, in such a way that robotic arms 2, 3, the
attached instrument drive units 20, and thus electromechanical instrument 10 execute a desired
movement according to a movement defined by means of manual input devices 7, 8. Control
device 4 may also be set up in such a way that it regulates the movement of robotic arms 2, 3

and/or of the drives.

[0029] Surgical robotic system 1 is configured for use on a patient “P” lying on a surgical
table “ST” to be treated in a minimally invasive manner by means of a surgical instrument, e.g.,
electromechanical instrument 10. Surgical robotic system 1 may also include more than two
robotic arms 2, 3, the additional robotic arms likewise being connected to control device 4 and
being telemanipulatable by means of operating console 5. A surgical instrument, for example, an
electromechanical surgical instrument 10 (including an electromechanical end effector (not

shown)), may also be attached to the additional robotic arm.

[0030] Control device 4 may control a plurality of motors, e.g., motors (Motor 1 . . .n),
with each motor configured to drive movement of robotic arms 2, 3 in a plurality of directions.

Further, control device 4 may control a plurality of motors 22 (FIG. 3) of instrument drive unit 20
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to drive various operations of surgical instrument 10, and may control a rotation of an
electromechanical actuator 122 (FIG. 5) to rotate a slide 100 about a longitudinal axis “X” of the
instrument drive unit 20 (as indicated by arrow “B” of FIG. 4A), as will be described in detail
below. The instrument drive unit 20 transfers power and actuation forces from its motors to driven
members (not shown) of the electromechanical instrument 10 to ultimately drive movement of
components of the end effector (not shown) of the electromechanical instrument 10, for example,
a movement of a knife blade (not shown) and/or a closing and opening of jaw members (not shown)

of the end effector.

[0031] For a detailed description of the construction and operation of a robotic surgical
system, reference may be made to U.S. Patent No. 8,828,023, entitled “Medical Workstation,” the

entire contents of which are incorporated by reference herein.

[0032] With reference to FIGS. 2-4B, the instrument drive unit 20 further includes an outer
housing 26 having the plurality of drive motors 22 operably disposed therein. The housing 26 of
the instrument drive unit 20 is configured to be slidably coupled to a linear track 102 defined
longitudinally along the slide 100. The housing 26 may have a rectangular block shape. In
embodiments, the housing 26 may assume any suitable shape, such as, for example, cylindrical.
The housing 26 has a proximal end 26a and a distal end 26b. The proximal end 26a of the housing
26 is configured to support thereon a housing or main body portion 12 of the electromechanical
instrument 10. In some embodiments, the proximal end 26a of the housing 26 may have a
substantially planar proximal surface 34 configured to support the main body portion 12 of the

electromechanical instrument 10 thereon.
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[0033] The housing 26 of the instrument drive unit 20 defines an elongated channel 28 that
extends from the proximal end 26a to the distal end 26b thereof. The channel 28 may have a U-
shaped profile and be dimensioned for slidable receipt of a shaft 14 of the electromechanical
surgical instrument 10. In some embodiments, the channel 28 may be dimensioned to capture the
shaft 14 of the electromechanical instrument 10 therein. The housing 26 defines an inner chamber

30 in which the drive motors 22 are disposed.

[0034] The drive motors 22 of the instrument drive unit 20 include respective couplers 24
(e.g., gears) disposed at proximal ends thereof. In embodiments, the couplers 24 may be any
suitable force-transfer mechanism, such as any suitable screw drive. The couplers 24 are disposed
adjacent the proximal end 26a of the housing 26. In embodiments, the couplers 24 may be disposed
within the inner chamber 30 of the housing 26 or protrude proximally from the proximal end 26a
of the housing 26. The couplers 24 are configured to interface with a corresponding gear or mating
coupler (not explicitly shown) disposed in a distal end of the main body portion 12 of the
electromechanical instrument 10. Accordingly, upon top loading of the electromechanical
instrument 10 into the instrument drive unit 20, the couplers 24 of the instrument drive unit 20
operably couple to the gears/couplers in the distal end of the housing 12 of the electromechanical
instrument 10, such that an actuation of the drive motors 22 of the instrument drive unit 20 effects
an operation of the electromechanical instrument 10. The couplers 24 may be axially movable
relative to the drive motors 22, such that upon the gears/couplers in the distal end of the housing
12 of the electromechanical instrument 10 engaging the couplers 24, the couplers 24 move distally
to accommodate a mismatch in clocking when adjacent assemblies are brought into contact with

one another.. In some embodiments, each drive motor 22 may include a torque sensor.
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[0035] In embodiments, each drive motor 22 may be configured to actuate a drive rod or a
lever arm to effect operation and/or movement of each electromechanical end effector (not shown)
of the electromechanical instrument 10. In some embodiments, the drive motors 22 of the
instrument drive unit 20 may be used to drive a lead screw (not explicitly shown) of the

electromechanical surgical instrument 10.

[0036] The main body portion 12 of the electromechanical instrument 10 may have a
substantially planar distal surface 16 configured to be supported on the proximal surface 34 of the
housing 26 of the instrument drive unit 20. The electromechanical instrument 10 may include a
substantially planar, elongated fin 18 extending distally from the distal surface 16 of the main body
portion 12 of the electromechanical instrument 10. The fin 18 is dimensioned for receipt in the
channel 28 of the housing 26 of the instrument drive unit 20. Upon receipt of the fin 18 of the
electromechanical instrument 10 in the channel 28 of the housing 26 of the instrument drive unit
20, a rotation of the instrument drive unit 20 causes the electromechanical instrument 10 to rotate
therewith. The shaft 14 of the electromechanical instrument 10 extends distally from and/or

through the fin 18 of the electromechanical instrument 10.

[0037] With reference to FIGS. 4A, 4B, and 5, the surgical robotic system 1 includes a
coupling member 110 rotatably attached to an end portion of the robotic arm 2 to provide an added
degree of freedom for the electromechanical instrument 10. The coupling member 110 includes a
main body 125 for supporting the slide 100, and a cannula 127 extending distally from the main
body 125. The main body 125 may be pivotably coupled to the end portion of the robotic arm 2.
The cannula 127 is dimensioned for receipt of the shaft 14 of the electromechanical instrument 10.

It is contemplated that the inner diameter of the cannula 127 is large enough to permit rotation of
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the shaft 14 of the electromechanical instrument 10 therein. The cannula 127 is coaxial with the

longitudinal axis “X” of the instrument drive unit.

[0038] The slide 100 of the surgical robotic system 1 is rotatably supported on the coupling
member 110. The slide 100 includes a linear body portion 108, and an outer housing portion 112
extending perpendicularly from a distal end of the linear body portion 108. The outer housing
portion 112 defines a passageway 114 therethrough dimensioned for the passage of the shaft 14 of
the electromechanical instrument 10. The passageway 114 is coaxial with the cannula 127 of the
coupling member 110 and the longitudinal axis “X” of the instrument drive unit 20, whereas the
linear body portion 108 is offset from and parallel with the longitudinal axis “X” of the instrument

drive unit and the cannula 127 of the coupling member 110.

[0039] The track 102 of the slide 100 is defined along the length of the linear body portion
108. The track 102 of the slide 100 may be a single rail or a pair of parallel rails that extend
parallel to and offset from the longitudinal axis “X” of the instrument drive unit 20. As mentioned
above, the housing 26 of the instrument drive unit 20 is slidably coupled to the track 102 of the

slide 100.

[0040] The slide 100 supports or houses a drive motor 116 and includes a lead screw 118
operably coupled to the drive motor 116. The lead screw 118 extends along a length of the slide
100 and has a sleeve or tubular member 120 operably coupled thereto. The sleeve 120 is axially
movable along the lead screw 118 and keyed to the rail 100 to prevent the sleeve 120 from rotating
with the lead screw 118. The sleeve 120 is fixed to the housing 26 of the instrument drive unit 20
via bolts, screws, or the like. As such, axial translation of the sleeve 120 along the lead screw 118

causes the instrument drive unit 20 to move along the track 102 of the slide 100.

10
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[0041] The coupling member 110 may further include an electro-mechanical actuator, such
as, for example, a drive motor 122. The drive motor 122 is operably coupled to the slide 100 to
drive a rotation of the slide 100. For example, the slide 100 may include a ring gear 124 fixed to
the outer housing portion 112 thereof. The ring gear 124 is operably coupled to a gear 126 of the
drive motor 122 via a timing belt (not shown) that surrounds both the ring gear 124 and the gear
126 of the drive motor 122. As such, an actuation of the drive motor 122 rotates the ring gear 124
and, in turn, rotates the slide 100 relative to the coupling member 110 about the longitudinal axis
“X” of the instrument drive unit 20 (as indicated by arrow “B” of FIG. 4A). In other aspects, the
slide 100 may be rotatable about its own longitudinal axis. In other embodiments, the coupling
member 110 may have a motor-driven internal gear (not shown) that surrounds and operably
couples with the ring gear 124 of the slide 100 for driving a rotation of the slide 100. It is
contemplated that in place of the timing belt, one or more intermediate gears (not shown) may be

provided to intercouple the ring gear 124 of the slide 100 and the gear 126 of the drive motor 122.

[0042] In operation, the electromechanical instrument 10 is coupled to the instrument drive
unit 20 by passing the shaft 12 of the electromechanical instrument 10 through the channel 28 of
the housing 26 of the instrument drive unit 20 and the cannula 127 of the coupling member 110 in
a distal direction, indicated by arrow “A” in FIG. 2. The distal surface 16 of the main body portion
12 of the electromechanical instrument 10 is positioned on the proximal surface 34 of the housing
26 of the instrument drive unit 10 and the fin 18 of the electromechanical instrument 10 is received

in the channel 28 of the housing 26 of the instrument drive unit 20.

[0043] With the main body portion 12 of the electromechanical instrument 10 supported

on the instrument drive unit 10, the gears 24 of the drive motors 22 of the instrument drive unit 20

11
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interface with corresponding gears/couplers (not shown) in the distal end of the main body portion
12 of the electromechanical instrument 10. It is contemplated that an actuation of one of the drive
motors 22 of the instrument drive unit 20 may effect a function of the electromechanical instrument
10, such as, for example, a stapling function, an opening or closing of jaw members, the

advancement of a knife, etc.

[0044] In some instances, it may be desirable or required to rotate the electromechanical
instrument 10 about its longitudinal axis. To do so, the electromechanical actuator 122 of the
coupling member 110 is actuated to rotate the associated gear 126. A rotation of the gear 126
drives a rotation of the slide 100 about the longitudinal axis of the instrument drive unit 20 due to
the gear 126 of the coupling member 110 being operably coupled to the ring gear 124 of the slide
100. Since the instrument drive unit 20 and the electromechanical instrument 10 are both non-
rotatably supported on the slide 100, the rotation of the slide 100 results in a corresponding rotation
of the instrument drive unit 20 and the electromechanical instrument 10. Due to the shaft 12 of
the electromechanical instrument being disposed within the cannula 127 of the coupling member
110, rotation of the slide 100 causes the shaft 12 to rotate within the cannula 127 about the

longitudinal axis “X” (as indicated by arrow “B” of FIG. 4A).

[0045] In some operations, the axial position of the electromechanical instrument 10
relative to the slide 100 may be adjusted. To adjust the axial position of the electromechanical
instrument 10, the drive motor 116 within the slide 100 is actuated to drive a rotation of the
associated lead screw 118. A rotation of the lead screw 118 drives the sleeve 120 along the axis
of the lead screw 118. Due to the sleeve 120 being fixed to the housing 26 of the instrument drive

unit 20, the instrument drive unit 20 moves along the track 102 of the slide 100 as the sleeve 120

12
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axially moves along the lead screw 118. Since the electromechanical instrument 10 is coupled to
the instrument drive unit 20, the electromechanical instrument 10 moves with the instrument drive

unit 20, thereby adjusting the axial position of the electromechanical instrument 10.

[0046] With reference to FIG. 6, further embodiments of a coupling member 210, a slide 200,
and an instrument drive unit 220 are shown. Due to the similarities between the coupling member
210, the slide 200, and the instrument drive 220 of the present embodiment and the respective
coupling member 110, slide 100, and instrument drive unit 20 described above, only those
elements of the coupling member 210, the slide 200, and the instrument drive 220 deemed
necessary to elucidate the differences from the respective coupling member 110, slide 100, and

instrument drive 20 described above will be described in detail.

[0047] The coupling member 210 is configured to be rotatably attached to an end portion
of the robotic arm 2 (FIG. 1) to provide an added degree of freedom for an electromechanical
instrument, such as, for example, the electromechanical surgical instrument 10. The coupling
member 210 includes a main body 225 and a cannula 227 detachably coupled to the main body

225.

[0048] The instrument drive unit 220 includes a housing 226 and a plurality of motors 222
housed therein. The housing 226 defines a bore 228 therethrough dimensioned for receipt of a
screw 218. Opposing ends of the screw 218 may be supported on or in the slide 200 and prevented
from rotating relative thereto. A nut or sprocket 223 may be operably coupled (e.g., threadedly
coupled) to the screw 218 and axially restrained relative to the instrument drive unit 220. A fifth
drive motor “MS5” may be operably coupled to the drive unit via a drive belt 225, such that an

actuation of the fifth drive motor “M5” rotates the drive belt 225, which in turn, rotates the nut 223

13
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about the screw 218. As the nut 223 rotates about the screw 218, the nut 223, along with the
instrument drive unit 220, moves axially along the screw 218 to adjust the axial position of the

instrument drive unit 220.

[0049] With reference to FIG. 7, further embodiments of a coupling member 310, a slide 300,
and an instrument drive unit 320 are shown. Due to the similarities between the coupling member
310, the slide 300, and the instrument drive 320 of the present embodiment and the respective
coupling member110, slide 100, and instrument drive unit 20 described above, only those elements
of the coupling member 310, the slide 300, and the instrument drive 320 deemed necessary to
elucidate the differences from the respective coupling member 110, slide 100, and instrument drive

20 described above will be described in detail.

[0050] The coupling member 310 defines a bore 312 therethrough dimensioned for receipt of
a drive motor 322. The drive motor 322 has a gear 324 operably coupled to the slide 300, such
that a rotation of the gear 324 causes the slide 300 to rotate relative to the coupling member 310.
In embodiments, the motor 322 may be a through-bore motor. The slide 300 has a linear body
portion 308 and an outer housing portion 312 extending laterally outward from a distal end of the
linear body portion 308. The outer housing portion 312 of the slide 300 has a ring member 318
extending distally therefrom. The ring member 318 of the slide 300 is configured to be rotatably
received in an annular cavity 323 defined in the coupling member 310. The ring member 318 of

the slide 300 may be retained in the annular cavity 323 of the coupling member 310.

[0051] In embodiments, a first ribbon cable 330a may be received in the annular cavity 323 of
the coupling member 310. The first ribbon cable may be detachably coupled to an end of a second

ribbon cable 330b.

14
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[0052] It will be understood that various modifications may be made to the embodiments
disclosed herein. Therefore, the above description should not be construed as limiting, but merely
as exemplifications of various embodiments. Those skilled in the art will envision other

modifications within the scope and spirit of the claims appended thereto.

15
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IN THE CLAIMS:

1. A surgical robotic system, comprising:

a robotic arm;

an elongated slide coupled to the robotic arm and defining a track; and

an instrument drive unit coupled to the track and configured to move along the track, the
instrument drive unit including at least one motor configured to interface with an
electromechanical instrument to actuate functions of the electromechanical instrument, wherein
the slide is configured to rotate relative to the robotic arm about a longitudinal axis defined by the

instrument drive unit.

2. The surgical robotic system according to claim 1, wherein the at least one motor has a coupler
for interfacing with a corresponding coupler of the electromechanical surgical instrument, the
coupler of the at least one motor being disposed adjacent a proximal end of the instrument drive

unit.

3. The surgical robotic system according to claim 2, wherein the instrument drive unit further

includes a housing slidably coupled to the track of the slide, the housing having the at least one

motor disposed therein.

4. The surgical robotic system according to claim 3, wherein the coupler of the at least one motor

is disposed within a proximal end of the housing.

16
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5. The surgical robotic system according to claim 2, wherein the coupler of the at least one motor

is a gear.

6. The surgical robotic system according to claim 1, wherein the instrument drive unit further
includes a housing slidably coupled to the track of the slide, the housing having the at least one

motor disposed therein.

7. The surgical robotic system according to claim 6, wherein the housing defines an elongated
channel along its length, the channel dimensioned for receipt of a shaft of the electromechanical

instrument and being coaxial with the longitudinal axis of the instrument drive unit.

8. The surgical robotic system according to claim 6, wherein the housing has a proximal end

configured to support thereon a body portion of the electromechanical instrument.

9. The surgical robotic system according to claim 8, wherein the proximal end of the housing of

the instrument drive unit is configured to non-rotatably support the electromechanical instrument.

10. The surgical robotic system according to claim 1, wherein the instrument drive unit rotates

relative to the robotic arm with a rotation of the slide.

11. The surgical robotic system according to claim 1, further comprising a coupling member
attached to an end portion of the robotic arm, the coupling member rotatably supporting the slide

thereon.
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12. The surgical robotic system according to claim 11, wherein the coupling member includes a
cannula configured for receipt of a shaft of the electromechanical instrument, wherein the

longitudinal axis about which the slide is configured to rotate is coaxial with the cannula.

13. The surgical robotic system according to claim 1, further comprising an electro-mechanical
actuator coupled to the slide and configured to rotate the slide about the longitudinal axis of the

instrument drive unit.

14. The surgical robotic system according to claim 13, wherein the electro-mechanical actuator

includes a drive motor and a gear driven by the drive motor, the gear being operably coupled to

the slide, such that actuation of the drive motor effects a rotation of the slide.
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