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STERILE HANDLE FOR CONTROLLING A ROBOTIC SURGICAL SYSTEM
FROM A STERILE FIELD

Related Applications

The present application claims priority to U.S. Provisional Application No.
61/938,423, filed February 11, 2014; and U.S. Provisional Application No. 61/950,550, filed
March 10, 2014, the contents of each of which are hereby incorporated by reference in their

entireties.

Background

Robotic-assisted surgical systems have been developed to improve surgical precision
and enable the implementation of new surgical procedures. For example, robotic systems
have been developed to sense a surgeon’s hand movements and translate them to scaled-
down micro-movements and filter out unintentional tremors for precise microsurgical
techniques in organ transplants, reconstructions, and minimally invasive surgeries. Other
robotic systems are directed to telemanipulation of surgical tools such that the surgeon does
not have to be present in the operating room, thereby facilitating remote surgery. Feedback-
controlled robotic systems have also been developed to provide smoother manipulation of a

surgical tool during a procedure than could be achieved by an unaided surgeon.

However, widespread acceptance of robotic systems by surgeons and hospitals is
limited for a variety of reasons. Current systems are expensive to own and maintain. They
often require extensive preoperative surgical planning prior to use, and they extend the
required preparation time in the operating room. They are physically intrusive, possibly
obscuring portions of a surgeons field of view and blocking certain arcas around the
operating table, such that a surgeon and/or surgical assistants are relegated to one side of the
operating table. Current systems may also be non-intuitive or otherwise cumbersome to use,
particularly for surgeons who have developed a special skill or “feel” for performing certain
maneuvers during surgery and who find that such skill cannot be implemented using the
robotic system. Finally, robotic surgical systems may be vulnerable to malfunction or

operator error, despite safety interlocks and power backups.

Spinal surgeries often require precision drilling and placement of screws or other
implements in relation to the spine, and there may be constrained access to the vertebrae
during surgery that makes such maneuvers difficult. Catastrophic damage or death may

result from improper drilling or maneuvering of the body during spinal surgery, due to the
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proximity of the spinal cord and arteries. Common spinal surgical procedures include a
discectomy for removal of all or part of a disk, a foraminotomy for widening of the opening
where nerve roots leave the spinal column, a laminectomy for removal of the lamina or bone
spurs in the back, and spinal fusion for fusing of two vertebrae or vertebral segments together

to eliminate pain caused by movement of the vertebrae.

Spinal surgeries that involve screw placement require preparation of holes in bone
(e.g., vertebral segments) prior to placement of the screws. Where such procedures are
performed manually, in some implementations, a surgeon judges a drill trajectory for
subsequent screw placement on the basis of pre-operative CT scans. Other manual methods
which do not involve usage of the pre-operative CT scans, such as fluoroscopy, 3D
fluoroscopy or natural landmark-based, may be used to determine the trajectory for preparing
holes in bone prior to placement of the screws. In some implementations, the surgeon holds
the drill in his hand while drilling, and fluoroscopic images are obtained to verify if the
trajectory is correct. Some surgical techniques involve usage of different tools, such as a
pedicle finder or K-wires. Such procedures rely strongly on the expertise of the surgeon, and
there is significant variation in success rate among different surgeons. Screw misplacement

is a common problem in such surgical procedures.

Image-guided spinal surgeries involve optical tracking to aid in screw placement.
However, such procedures are currently performed manually, and surgical tools can be
inaccurately positioned despite virtual tracking. A surgeon is required to coordinate his real-
world, manual manipulation of surgical tools using images displayed on a two dimensional
screen. Such procedures can be non-intuitive and require training, since the surgeon’s eye
must constantly scan both the surgical site and the screen to confirm alignment. Furthermore,
procedural error can result in registration inaccuracy of the image-guiding system, rendering

it useless, or even misleading.

Certain force feedback systems are used by surgeons in certain procedures; however
such systems have a large footprint and take up valuable, limited space in the operating room.
These systems also require the use of surgical tools that are specially adapted for use with the
force feedback system, and the training required by surgeons to operate such systems can be
significant. Moreover, surgeons may not be able to use expertise they have developed in
performing spinal surgeries when adapting to use of the current force feedback systems.
Such systems, while precise, may require more surgical time and more operating room

preparation time to ready placement of the equipment for surgery. Thus, there is a need for
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systems, apparatus, and methods that provide enhanced precision in performing surgeries

such as spinal surgeries.

Summary

Described herein are a sterile handle for use with a robotic surgical system, for
example, during spinal surgery. In certain embodiments, the sterile handle adds
functionalities and an interface to existing surgical tools such that the robotic system may be
commanded from the sterile field during surgery. The sterile handle permits a user, such as a
surgeon, to physically manipulate the location of the end-effector of a robotic surgical system

from a sterile field.

The sterile handle may include an input device that allows the user to limit the
movement of the end-effector, such as limiting the movement to translations or rotations

only.

The sterile handle may detect the presence of a user’s hand. This ensures the end-
effector is only moved when the user manipulates the sterile handle and reduces the
likelihood that the end-effector is moved unintentionally. For example, robotic surgical
system may permit the movement of the end-effector only in circumstances when the
presence detector is activated (e.g., a hand of a surgeon is detected as present because the

surgeon is holding the sterile handle).

The sterile handle, in certain embodiments, is configured such that it may be used in a

sterile environment.

The design of the sterile handle, in certain embodiments, permits rapid mounting of

the handle on a surgical tool.

The sterile handle may be designed to avoid tight spaces between various components

of the handle, thereby simply the sterilization process.

The disclosed technology, in certain embodiments, includes a sterile handle for use

with a robotic surgical system.

The sterile handle may include a tightening sleeve comprising a hollow tubular
structure having a first open end, said structure defining an axis along which a portion of a
surgical instrument guide may be inserted into the internal housing, The tightening sleeve

may include two or more openings along a length of the tightening sleeve allowing the
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tightening sleeve to mechanically flex under tension, The openings may be slot, holes, or

perforations.

The sterile handle may include a sterile handle housing with a hollow tubular
structure having a first open end, said structure defining an axis along which the tightening

sleeve may be inserted into the external housing.

In certain embodiments, the sterile handle includes a tightening nut coupled to the
sterile handle housing. The tightening nut may include a thread on an interior of the
tightening nut. The tightening nut may be configured to engage a thread on exterior of the
tightening sleeve and thereby tighten the tightening sleeve such that a diameter of a portion of
the tightening sleeve decreases and securely holds a portion of a surgical instrument guide

inserted into the internal housing.

The sterile handle may include an electrical assembly that includes one or more input
devices for commanding the robotic surgical system. The one or more input devices may be
two or more buttons configured to enable a user to place the robotic surgical system in one of
a rotation mode, a translation mode, or a combined translation and rotation mode. In certain
embodiments, upon selection of a first button of the two or more buttons, the robotic surgical
system is in the rotation mode, upon selection of a second button of the two or more buttons,
the robotic surgical system is in the translation mode, and upon selection of both the first and

second buttons, the robotic surgical system is in the combined translation and rotation mode.

The sterile handle may be ambidextrous such that it may be used on either side of the
operating table and/or such that the robotic surgical system may be placed on either side of

the operating table.

The sterile handle may be configured to be attached directly or indirectly to an end-

effector of the robotic surgical system.

In certain embodiments, the robotic surgical system may be configured to allow
robotically-assisted or unassisted positioning and/or movement of the sterile handle by a user
with at least six degrees of freedom, wherein the six degrees of freedom are three degrees of

translations and three degrees of rotations.

In certain embodiments, the robotic surgical system may be configured to allow
robotically-assisted or unassisted positioning and/or movement of the sterile handle by a user
with at least four degrees of freedom, wherein the four degrees of freedom are two degrees of

translations and two degrees of rotations.
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The surgical instrument guide may be configured to hold and/or restrict movement of
a second surgical instrument therethrough. The surgical instrument may be a drill bit, tap,
screw driver, screw-based implant and awl. The surgical instrument guide may be a drill

guide and the surgical instrument may be a drill bit.
The robotic surgical system may be for use in spinal surgery.

The sterile handle may be used in a sterile environment. The sterile handle is at least

one of completely or partially disposable.

In some implementations, the sterile handle includes one or more sensors configured

to detect a presence of a surgeon’s hand in proximity to the sterile handle.

The disclosed technology, in certain embodiments, includes a method of performing
surgery with a robotic surgical system. The method may include moving a mobile cart
transporting a robotic surgical system comprising a robotic arm in proximity to an operating

table, wherein the robotic arm has an end effector with a sterile handle attached thereto.

In certain embodiments, the method includes stabilizing the mobile cart. The method
may include maneuvering the robotic arm to a desired position to align an axis defined by the
surgical instrument guide at a desired trajectory in relation to a patient situation. In certain
embodiments, the method includes fixing the position of the robotic arm (and, therefore, the
position of the surgical instrument guide), and maneuvering a surgical instrument in a manner
that is constrained by the surgical instrument guide. The method may further include
mancuvering the drill bit through the drill bit guide. In certain embodiments, the method may

include maneuvering the surgical instrument through the surgical instrument guide.

In some implementations, stabilizing the mobile cart includes extracting one or more
rigid legs on the mobile cart such that the mobile cart rests on the one or more rigid legs of
the mobile cart. In some implementations, stabilizing the mobile cart includes retracting one
or more wheels on the mobile cart such that the mobile cart rests on one or more rigid legs of
the mobile cart. In certain embodiments, prior to maneuvering the robotic arm to a desired
position, obtaining or accessing a CT scan, 3D CT scan, fluoroscopy, 3D fluoroscopy, or

natural landmark-based image of the patient situation.

In some implementations, the sterile handle includes a printed circuit board. The
printed circuit board may include the one or more input devices. In some implementations,
the sterile handle housing includes one or more ribs that engage one or more openings,

respectively, on the tightening sleeve when the sterile handle housing is slide over the
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tightening sleeve, thereby preventing rotation around the axis of the handle when a torque is

applied thereto.

Brief Description of the Figures

The foregoing and other objects, aspects, features, and advantages of the present
disclosure will become more apparent and better understood by referring to the following

description taken in conjunction with the accompanying drawings, in which:
FIG. 1 is an illustration of an example robotic surgical system in an operating room;

FIG. 2 is an illustration of an example configuration of a robotic arm for performing a

surgical operation;

FIGS. 3A through 3C are illustrations of a surgical instrument guide and a sterile

handle for use with a robotic surgical system,;

FIG. 4 is an illustration of a cross-sectional view of an example sterile handle with a

tightening sleeve and a sterile handle housing;

FIG. 5 is an illustration of an example sterile handle for use with a robotic surgical

System;

FIG. 6 is an illustration of an example system sterile handle and tool holder attached

to a robotic arm;
FIG. 7 is an illustration of an example robotic surgical system with a sterile handle;
FIG. 8 is an illustration of an example robotic surgical system;

FIG. 9 is a flowchart of an example method of performing surgery with a robotic

surgical system;

FIGS. 10A-B are illustrations of an example sterile handle rotating along the axis of

the sterile handle;

FIGS. 11A-C are illustrations of portions of an example sterile handle with a rib that

engages an opening on the tightening sleeve of the sterile handle;

FIG. 12A-C are illustrations of portions of an example sterile handle with an

integrated printed circuit board;
FIG. 13 shows a block diagram of an exemplary cloud computing environment; and

FIG. 14 is a block diagram of a computing device and a mobile computing device.

-6-
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The features and advantages of the present disclosure will become more apparent
from the detailed description set forth below when taken in conjunction with the drawings, in
which like reference characters identify corresponding elements throughout. In the drawings,
like reference numbers generally indicate identical, functionally similar, and/or structurally

similar elements.

Detailed Description

FIG. 1 illustrates an example robotic surgical system in an operating room 100. In
some implementations, one or more surgeons, surgical assistants, surgical technologists
and/or other technicians (e.g., 106a-c) perform an operation on a patient 104 using a robotic-
assisted surgical system. In the operating room 100 the surgeon may be guided by the robotic
system to accurately execute an operation. This may be achieved by robotic guidance of the
surgical tools, including ensuring the proper trajectory of the tool (e.g., drill or screw). In
some implementations, the surgeon defines the trajectory intra-operatively with little or no
pre-operative planning. The system allows a surgeon to physically manipulate the tool holder
to safely achieve proper alignment of the tool for performing crucial steps of the surgical
procedure. Operation of the robot arm by the surgeon (or other operator) in force control
mode permits movement of the tool in a measured, even manner that disregards accidental,
minor movements of the surgeon. The surgeon moves the tool holder to achieve proper
trajectory of the tool (e.g., a drill or screw) prior to operation or insertion of the tool into the
patient 104. Once the robotic arm is in the desired position, the arm is fixed to maintain the
desired trajectory. The tool holder serves as a stable, secure guide through which a tool may
be moved through or slid at an accurate angle. Thus, the disclosed technology provides the

surgeon with reliable instruments and techniques to successfully perform his/her surgery.

In some embodiments, the operation may be spinal surgery, such as a discectomy, a
foraminotomy, a laminectomy, or a spinal fusion. In some implementations, the surgical
robotic system includes a surgical robot 102 on a mobile cart 114. The surgical robot 102 in
the example shown in FIG. 1 is positioned in proximity to an operating table 112 without
being attached to the operating table 112, thereby providing maximum operating area and
mobility to surgeons around the operating table 112 and reducing clutter on the operating
table 112. In alternative embodiments, the surgical robot 102 (or cart) is securable to the
operating table 112. In certain embodiments, both the operating table 112 and the cart 114
are secured to a common base to prevent any movement of the cart or table 112 in relation to

each other, even in the event of an earth tremor.

-7 -
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The mobile cart 114 may permit a user (operator) 106a, such as a technician, nurse,
surgeon, or any other medical personnel in the operating room 100, to move the surgical
robot 102 to different locations before, during, and/or after a surgical procedure. The mobile
cart 104 enables the surgical robot 102 to be easily transported into and out of the operating
room 100. For example, a user 106a may move the surgical robot 102 into the operating
room 100 from a storage location. In some implementations, the mobile cart 114 may
include wheels, a track system, such as a continuous track propulsion system, or other similar
mobility systems for translocation of the cart. The mobile cart 114 may include an attached

or embedded handle for locomotion of the mobile cart 114 by an operator (e.g., user 106a).

For safety reasons, the mobile cart 114 may be provided with a stabilization system
that may be used during a surgical procedure performed with a surgical robot 102. The
stabilization mechanism increases the global stiffness of the mobile cart 114 relative to the
floor in order to ensure the accuracy of the surgical procedure. In some implementations, the
wheels include a locking mechanism that prevents the cart 114 from moving. The stabilizing,
braking, and/or locking mechanism may be activated when the machine is turned on. In
some implementations, the mobile cart 114 includes multiple stabilizing, braking, and/or
locking mechanisms. In some implementations, the stabilizing mechanism is electro-
mechanical with electronic activation. The stabilizing, braking, and/or locking mechanism(s)
may be entirely mechanical. The stabilizing, braking, and/or locking mechanism(s) may be

electronically activated and deactivated.

In some implementations, the surgical robot 102 includes a robotic arm mounted on a
mobile cart 114. An actuator may move the robotic arm. The robotic arm may include a
force control end-effector configured to hold a surgical tool. The robot 102 may be
configured to control and/or allow positioning and/or movement of the end-effector with at
least four degrees of freedom (e.g., six degrees of freedom, three translations and three
rotations, or four degrees of freedom, two translations and two rotations, or a variation

thereof).

In some implementations, the robotic arm is configured to releasably hold a surgical
tool, allowing the surgical tool to be removed and replaced with a second surgical tool. The
system may allow the surgical tools to be swapped without re-registration, or with automatic

or semi-automatic re-registration of the position of the end-effector.
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In some implementations, the surgical system includes a surgical robot 102, a tracking
detector 108 that captures the position of the patient and different components of the surgical
robot 102, and a display screen 110 that displays, for example, real time patient data and/or

real time surgical robot trajectories.

In some implementations, a tracking detector 108 monitors the location of patient 104
and the surgical robot 102. The tracking detector 108 may be a camera, a video camera, an
infrared detector, field generator and sensors for electro-magnetic tracking or any other
motion detecting apparatus. In some implementation, based on the patient and robot position,
the display screen 110 displays a projected trajectory and/or a proposed trajectory for the
robotic arm of robot 102 from its current location to a patient operation site. By continuously
monitoring the patient 104 and robotic arm positions, using tracking detector 108, the
surgical system can calculate updated trajectories and visually display these trajectories on
display screen 110 to inform and guide surgeons and/or technicians in the operating room 100
using the surgical robot. In addition, in certain embodiments, the surgical robot 102 may also
change its position and automatically position itself based on trajectories calculated from the
real time patient and robotic arm positions captured using the tracking detector 108. For
instance, the trajectory of the end-effector can be automatically adjusted in real time to
account for movement of the vertebrae and/or other part of the patient 104 during the surgical

procedure.

FIG. 2 illustrates an example configuration 200 of a robotic arm for performing a
surgical operation. The robotic surgical system includes a robotic arm 202 and an end-
effector 204. The manipulator is configured to allow robotically-assisted or unassisted
positioning and/or movement of the surgical instrument guide 206 by a user with at least four
degrees of freedom to align an axis defined by the instrument guide at a desired trajectory in
relation to a patient situation. The axis can be aligned with the desired trajectory in relation

to the patient situation via the manipulator.

An end-effector, such as surgical instrument guide 206, is coupled to the end-effector 204 for
precisely guiding instruments during surgery. For example, the surgical instrument guide 206
may be coupled to the manipulator via a flange. The surgical instrument guide 206 is
configured to hold and/or restrict movement of a surgical instrument therethrough. As shown
in FIG. 2, in some implementations, the surgical instrument is a drill 218 and drill bit 208. In
this example illustration, the surgical instrument guide 206 is a drill bit guide. Such a system

may be used to perform spinal surgery. The surgical tool may be, for example, a tap such as
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the StealthStation® CR Horizon Legacy Taps from Medtronic, Inc. of Minneapolis, MN.
Other surgical instruments may be used by the system, such as a screw driver, screw-based
implant, or awl. For example, the surgical instrument guide may be configured to be used to

guide a screw implant and a tissue protector.

FIGS. 3A through 3C are illustrations of a surgical instrument guide and a sterile
handle for use with a robotic surgical system. In some implementations, the sterile handle
302 includes a tightening sleeve 304 with a hollow tubular structure having a first open end.
In some implementations, the structure of the tightening sleeve 304 defines an axis along
which a portion 322 of a surgical instrument guide 320 may be inserted into the tightening
sleeve 304. The portion 322 of the surgical instrument guide 320 that may be inserted into
the tightening sleeve 304 may be a separate component (c.g., a handle) that can be
mechanically attached to the surgical instrument guide 320. In some implementations,
portion 322 of the surgical instrument guide 320 that may be inserted into the tightening
sleeve 304 is an integrated component of the surgical instrument guide 320. In some
implementations, a navigation tracker 324 is coupled to the surgical instrument guide 320
such that the position of the surgical instrument guide 320 may be tracked by a navigation

system (e.g., tracking camera) of the robotic surgical system.

A sterile handle housing 306 may include a hollow tubular structure having a first
open end. The sterile handle housing 306 structure may defining an axis along which the

tightening sleeve 304 may be inserted into the sterile handle housing 306.

The tightening sleeve 304 may include two or more openings 308 along a length of
the tightening sleeve allowing the tightening sleeve to mechanically flex under tension. In
some implementations, the two or more openings are two or more slots, holes, or

perforations.

A tightening nut 312 may be permanently and removably coupled to the sterile handle
housing 306. The tightening nut 312 includes a thread on an interior of the tightening nut.
The tightening nut 312 is configured to engage a thread 310 on exterior of the tightening
sleeve 304 and thereby tighten the tightening sleeve 304 such that a diameter of a portion of
the tightening sleeve decreases and securely holds a portion 322 of a surgical instrument
guide 320 inserted into the tightening sleeve 304. The tightening sleeve 304 includes a
wedge 314 that engages a wedge on the interior of the sterile handle housing 306 as the
tightening nut 312 is tightened and the threads inside the tightening nut 312 engage the

- 10 -
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threads 310 on the tightening sleeve 304 and pull the tightening sleeve in the direction of the
tightening nut 312. The wedges force the tightening sleeve to flex and increase the friction
between the portion 322 of the surgical instrument holder 320 and the tightening sleeve 304
when the sterile handle 302 is assembled with the portion 322 of the surgical instrument
holder 320 inserted into the tightening sleeve 304. Thus, tightening the tightening nut 312

enables the sterile handle to securely hold the surgical instrument guide.

In some implementations, the sterile handle 302 includes an electrical assembly 316.
The electrical assembly 316 may include one or more input devices 318 for commanding the
robotic surgical system. The one or more input devices 318 may include two or more buttons
318a and 318b configured to enable a user to place the robotic surgical system in one of a
rotation mode, a translation mode, or a combined translation and rotation mode. In some
implementations, upon selection of a first button 318a of the two or more buttons, the robotic
surgical system is in the rotation mode, upon selection of a second button 318b of the two or
more buttons, the robotic surgical system is in the translation mode, and upon selection of
both the first and second buttons 318a-b, the robotic surgical system is in the combined
translation and rotation mode. In some implementations, the handle 302 and input device(s)
thereon (e.g., buttons) can be used for instructing the robotic system to translate along a line
when the translation button is pressed, rotate around the line if the rotation button is pressed,

and/or translate and rotate around the line if both buttons are pressed.

The electrical assembly 316 may be directly integrated into the sterile handle 302. In
some implementations, the electrical assembly 316 can be done separately (e.g., using over-
molding on buttons and cable or epoxy resin to form an assembly which is integrated into the

handle using a rapid locking mechanism).

In some implementations, the sterile handle 302 is ambidextrous. In some
implementations, the sterile handle 302 is configured such that a robotic surgical system may
be used on either side of an operating table when the handle 302 is in use. The sterile handle
302 is configured to be attached directly or indirectly to an end-effector of the robotic
surgical system. In some implementations, the robotic surgical system is configured to allow
robotically-assisted or unassisted positioning and/or movement of the sterile handle by a user
with at least six degrees of freedom. The six degrees of freedom may be three degrees of

translations and three degrees of rotations.

- 11 -
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As described above, the sterile handle 302 is configured to securely hold a surgical
instrument guide 320. The surgical instrument guide 320 is configured to hold and/or restrict
movement of a surgical instrument therethrough. The surgical instrument may be a drill bit,
tap, screw driver, screw-based implant, or awl. In some implementations, the surgical
instrument guide 320 is a drill guide and the surgical instrument is a drill bit. In some

implementations, the robotic surgical system is for use in spinal surgery.

The sterile handle 302 may be completely or partially disposable. For example, in
some implementations, the electrical assembly 316 may be disposable. All disposable parts
may be produced in molded plastic. In some implementations, reusable parts may be made of
either metal or plastic. In some implementations, the entire sterile handle 302 is reusable.
Assembly of the sterile handle 302 may be performed pre-operatively. For example, a
disposable sterile handle 302 may be completely assembled in the packaging. In some
implementations, the sterile handle 302 may be assembled intra-operatively. In some
implementations, the electrical assembly 316 may be fixed in the handle before mounting the

sterile handle 302 on the surgical instrument 320.

The sterile handle 302 may be made of a sterile material or a material that may be
sterilized. In some implementations, the sterile handle 302 may be sterilized using different
technologies, such as using Ethylene Oxide (EtO), autoclave, radiation, or other sterilization
methods. Different components of the sterile handle 302 using different technologies, for
example, mechanical assembly in an autoclave, electrical assembly in an EtO. In some
implementations, sterilization is achieved by draping. In some implementations, the sterile
handle comprises one or more sensors configured to detect a presence of a surgeon’s hand in
proximity to the sterile handle. In some implementations, the one or more sensors include a
presence mechanism 332 that is engaged by a surgeon’s hand when the surgeon holds the
handle such that presence of the hand is detected. The presence mechanism may be a lever-
button mechanism. In some implementations, the presence mechanism 332 includes one or

more capacitive or resistive sensors, or a combination thereof.

FIG. 3B illustrates a handle 322 of a surgical instrument guide 320 with the tightening
sleeve 304 of a sterile handle 302 slide over the handle 322. The sterile handle housing 306
is shown adjacent the tightening sleeve 304 and may be slide over the tightening sleeve 304.
FIG. 3C illustrates a handle 322 of a surgical instrument guide 320 with the tightening sleeve
304 of a sterile handle 302 slide over the handle 322 and the sterile handle housing 306 slide
over the tightening sleeve 304. As the tightening nut 312 is tightened, the body of the
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tightening sleeve 304 is pinched, thus increasing the friction between the handle 322 and the
tightening sleeve 304 and securing the handle 322 within the tightening sleeve 304.

FIG. 4 illustrates a cross-sectional view of an example sterile handle 400 with a
tightening sleeve 408 and a sterile handle housing 406. A surgical instrument guide 420
(c.g., a handle of a surgical instrument guide), may slide into the tightening sleeve 408. As a
user tightens the tightening nut 412, threads 414 (e.g., threads on the sterile handle housing
406 and threads on the tightening sleeve 408) cause the tightening sleeve 408 to pull/slide
towards the tightening nut 412 (e.g., towards the right as shown in FIG. 4).

The internal housing, in some implementations, includes openings 410 (e.g., slots,
holes, or perforations) that allow a portion of the body of the tightening sleeve 408 to be
pinched. As the tightening nut 412 is tightened, a wedge 416 causes a portion of the body of
the tightening sleeve 408 to be pinched. As shown in FIG. 4, as the tightening sleeve slides
to the right, a wedge on the sterile handle housing 406 contacts a wedge on the tightening
sleeve 408, thus a portion of the body of the tightening sleeve 408 is pinched. When a
surgical instrument guide 420 is inserted into an assembled handle 400 and the tightening nut
412 is tightened, the tightening sleeve 408 “grips” the surgical instrument guide 420 (e.g., the
friction between the guide 420 and the tightening sleeve 408 is increased). Thus, the surgical
handle 400 securely holds the guide 420.

FIG. 5 is an illustration of an example sterile handle for use with a robotic surgical
system. In some implementations, the sterile handle 502 includes an electrical assembly 516.
The electrical assembly 516 may include one or more input devices 518 for commanding the
robotic surgical system. The one or more input devices 518 may include two or more buttons
518a and 518b configured to enable a user to place the robotic surgical system in one of a
rotation mode, a translation mode, or a combined translation and rotation mode. In some
implementations, upon selection of a first button 518a of the two or more buttons, the robotic
surgical system is in the rotation mode, upon selection of a second button 518b of the two or
more buttons, the robotic surgical system is in the translation mode, and upon seclection of
both the first and second buttons 518a-b, the robotic surgical system is in the combined
translation and rotation mode. In some implementations, the electrical assembly 516 is
integrated into a housing of the sterile handle 502. In some implementations, the electrical
assembly 516 is removable. The handle 502 may include a rapid locking mechanism 534 that
is used to attach the electrical assembly 516 to the handle 502. The electrical assembly 516

may include a wire 530 that is used to connect to the electrical system of the robotic surgical
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system. In some implementations, the wire 530 includes a plug that plugs into an embedded

connector in a sterile drape (e.g., drape connector).

In some implementations, the sterile handle comprises one or more sensors configured
to detect the presence of a surgeon’s hand in proximity to the sterile handle. In some
implementations, the one or more sensors include a mechanism 332 that is engaged by a

surgeon’s hand when the surgeon holds the handle such that presence of the hand is detected.

FIG. 6 illustrates an example system 600 sterile handle and tool holder attached to a
robotic arm. In some implementations, the system 600 includes a sterile drape 602 for

covering a surgical robotic arm 604 and preventing contamination of a sterile field.

In some implementations, the sterile drape 602 includes a flexible covering with a
sterile outer surface. The sterile drape may be partially conformable to a surgical robotic
arm. The sterile drape may include an embedded connector 608 configured (e.g., positioned
on the flexible covering and sized) to permit electrical contact between the surgical robotic
arm 604 (e.g., an actuator of the robotic arm) and a sterile manipulator 606 (e.g., sterile
handle) of the robotic arm 604 when the sterile manipulator 606 is separated from the
surgical robotic arm by the flexible covering. In some implementations, the sterile drape 602

is disposable (e.g., a single-use product).

The drape connector 608 may be configured to couple to a handle connector 610 that
is connected to the sterile handle 606. The drape connector 608 may also be configured to
couple to a robot connector 612 that is connected to the electrical system of the robotic
surgical system. Thus, the drape connector may act as an intermediary connector that allows
the handle to be electrically connected to the electrical system of the robotic surgical system

through the sterile drape 602.

FIG. 7 is an illustration of an example robotic surgical system 700 with a sterile
handle 710. In some implementations, the robotic surgical system is for performing surgery,
such as spinal surgery. The robotic surgical system may include a robotic arm 714 with an
interface 702 for engaging a sterile adapter 706. The sterile adapter 706 may be configured
to attach to the robotic arm 714 via a robotic interface 706 and tightly stretch the sterile drape
704 to assure repeatable and rigid positioning of the sterile drape 704. The sterile drape 704
may be configured to protect the robotic arm from contaminating a sterile field. In  some
implementations, the sterile drape includes a drape connector configured to electrically

couple, through the sterile drape, the manipulator to an electrical system of the robotic
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surgical system covered by the sterile drape. The sterile handle 710 may be coupled to a
handle connector via a cable and the handle connector is configured to electrically connect to
the drape connector. The electrical system of the robotic surgical system may be coupled to a
robot connector and the robot connector may be configured to electrically connect to the
drape connector. Thus, the robot connector may electrically couple the drape connector to

the robot connector, through the sterile drape 704.

In some implementations, a surgical instrument holder 718 is configured to securely
hold the surgical instrument 708. The surgical instrument holder 718 may be attached to the
interface 702 via a tightening screw 716. The tightening screw 716 may protrude through the
sterile drape 704 that is tightly stretched over the opening of the sterile adapter 706. The
robot interface 702 may include one or more positioning clements 712 (e.g., pegs or pins)
configured to provide accurate and repeatable positioning of the surgical instrument holder
714 in reference to the robotic arm. The one or more positioning elements 712 may be round
or oblong. The surgical instrument holder 718 may include one or more studs or holes that
engage the one or more positioning elements 712. The one or more positioning elements 712
may protrude through the sterile drape 704 when the sterile adapter 706 is attached to the
interface 702. In some implementations, the one or more positioning elements 712 extend
from the robotic arm 714 and engage one or more surgical instrument holder positioning
members. For example, the one or more positioning elements 712 may be the one or more
pegs are configured to extend from the robotic arm and engage one or more holes in the

surgical instrument holder 718.

In some implementations, the robotic surgical system includes a manipulator 710
(e.g., a sterile handle) configured to allow robotically-assisted or unassisted positioning
and/or movement of the surgical instrument by a user with at least four degrees of freedom to
align an axis defined by the surgical instrument at a desired trajectory in relation to a patient

situation.

In some implementations, the surgical instrument is a surgical instrument guide
configured to hold and/or restrict movement of a second surgical instrument there through.
The second surgical instrument may be a drill bit, tap, screw driver, screw-based implant, or
awl. For example, in the case of spinal surgery, the second surgical instrument may be a drill

bit and the surgical instrument guide may be a drill guide.
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In some implementations, the robotic surgical system includes a mobile cart
configured to transport the robotic surgical system. The sterile drape may be configured to
protect the mobile cart from contaminating a sterile field. In some implementations, the
sterile drape includes a first sterile drape to protect the robotic arm 714 and a second sterile
drape to protect the mobile cart. In some implementations, the sterile drape may include
printed marks configured to assist in proper draping procedure. In some implementations, the
drape may be folded in a configuration that makes for easily applying the drape to the robotic

System.

In some implementations, the surgical instrument holder is configured to be attached
to the robotic arm using a fastening system. The fastening system may be a bolt, nut, screw,

or one or more electro magnets.

In some implementations, one or more holding stripes are configured to hold the
sterile drape. The one or more holding stripes may secure a portion of the sterile drape to the
robotic arm. In some implementations, the system includes a suppression system configured
to remove air from under the sterile drape. The suppression system may include a ventilator

or a suction device that pumps out the air from under the sterile drape.

In some implementations, the surgical instrument holder 714 is made from a non-
conductive material (e.g., plastic). The holder 718 may act as an insulator (prevent electrical
conductivity) between the surgical instrument 708 and the robotic arm 714. In some
implementations, the surgical instrument holder 718 is conductive, however, a non-conducive

pad is placed between the holder 718 and the interface 702.

FIG. 8 is an illustration of an example robotic surgical system. In some
implementations, one or more surgeons, surgical assistants, surgical technologists and/or
other technicians, perform an operation on a patient using a robotic-assisted surgical system.
In the operating room the surgeon may be guided by the robotic system to accurately execute
an operation. The robotic surgical system may be transported in and out of an operating
room using a mobile cart (not shown). Accordingly, the robotic surgical system, including
the mobile cart, must be sterilized when used in the operating room. The system may be
sterilized by applying a sterile drape 820 to a portion of the system, including the robotic arm
802 and/or the mobile cart. The sterile drape 820 may consist of a single drape or several
pieces, such as a sterile cover for covering the robotic arm 802 and a sterile drape for

covering the mobile cart.
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In some implementations, the sterile drape 820 is attached (e.g., glued or welded) to a
sterile adapter 822. The sterile adapter 822 may be attached (e.g., clipped) to a tool holder
body 824 on the robotic arm 802. The sterile adapter 822 ensures the drape 820 is tightly
stretched over the tool holder 824 to protect the robotic arm 802 and mobile cart from
contaminating the sterile field, and provides a structure that provides for repeatable and rigid
positioning of the sterile drape. Tightly stretching the drape 820 between the instrument
holder 826 and tool holder 824 and tightening the instrument holder 826 to the robotic arm
802 using, for example, a tightening screw 832, reduces the likelihood of folds in the drape
between the told holder and robot interface. Thus, errors between the robot model and the
actual situation because of the position of the tool holder relative to the robot interface are
minimized. If folds are present, the positioning of the instrument holder 826 relative to the
robot interface will be different than anticipated and the robotic surgical system may have

difficulty positioning tools held by the tool holder appropriately.

A sterile tool holder 826 may be connected to the robotic arm 802 through the sterile
drape 820. In some implementations, the instrument holder 826 includes a base 828, clamp
830, and nut 832. In some implementations, the nut is tightened to pull the clamp 830 closer
to the base 828 such that a surgical instrument, such as tool guide 814 is securely held
between the base 828 and the clamp 830. The instrument holder 826 be coupled to a
navigation marker 816. A sterile handle 804 may be mechanically coupled to the tool guide
814 via a handle 818 of the tool guide. A tightening nut 808 on the sterile handle 804 may be
used to tighten the sterile handle to the handle 818 such that the sterile handle 804 is securely
attached to the handle 818.

In some implementations, the sterile handle 804 includes an input device 806, such as
button 806a and button 806D, that enables a user to control the position of the end effector
820. Thus, the disclosed technology enables a robotic surgical system to be used in a sterile
operating room without having to sterilize each individual component of the system. Only
the components outside of the sterile drape (e.g., the optical mark, surgical instruments, and

tool holder must be sterilized individually.

The input device 806 may mimic the functionality of the mode selection panel 838.
Both the input device 806 and the mode selection panel 838. In some implementations, both
of these interfaces are configured to enable a user to place the robotic surgical system in one
of a rotation mode, a translation mode, or a combined translation and rotation mode. In some

implementations, upon selection of a first button of the two or more buttons, the robotic
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surgical system is in the rotation mode, upon selection of a second button of the two or more
buttons, the robotic surgical system is in the translation mode, and upon selection of both the
first and second buttons, the robotic surgical system is in the combined translation and

rotation mode.

In some implementations, the sterile adapter 822 may be a disposable (e.g. a single-
use product). For example, a new sterile adapter 822 may be used for every surgical
procedure. In some implementations, the sterile adapter 822 is a rigid or semi-rigid device.
It may be made from a hard plastic, polymer, or a composite material. In some
implementations, the sterile adapter 822 secures a drape 820 over a surgical robotic arm 802

to prevent contamination of a sterile field.

The sterile adapter 822 may include a rigid or semi-rigid collar (e.g., ring or a hollow
cylindrical structure) configured to mount (e.g., snap-mount) onto an interface 824 of the
surgical robotic arm. The sterile adapter 822 may include a rigid or semi-rigid body
extending from the collar and shaped to conform to a portion of the surgical robotic arm to
tightly secure a flexible drape 820 in place (e.g., with no folds) over the portion of the
surgical robotic arm 802 when the drape 820 is attached to the adapter 822.

In some implementations, the sterile adapter 822 is one or more tabs that engage an
interface on the robot. The tabs may “click” into the interface to provide easy and secure
mounting of the sterile adapter 822, and hence sterile drape 820, on the robot. The sterile
drape 820 may be glued or welded to the sterile adapter 822. The adapter 822 ensures that
the drape is tightly stretched over the instrument holder 826 and tool holder body 824 to
provide repeatable and rigid positioning of the instrument holder 826 relative to the robotic

arm 802.

In some implementations, a user applies forces and torques on an instrument guide
814 attached to a force/torque sensor 834. The force/torque sensor 834 may be attached to a
flange on the robot arm 802 and measures the forces and torques applied to the tool, such as
guide 814. In some implementations, the measurements are transmitted to a force control
box. In some implementations, the force control box converts the analog data into digitized
data and transmits them to a controller. In some implementations, the measurements from
force/torque sensor 834 are sent directly to the controller. The controller processes the forces
and torques and computes linear and angular correction of the end-effector 840 position of

the robot. The controller sends commands to the motors of the robot to update the position of

- 18 -



10

15

20

25

30

WO 2015/121311 PCT/EP2015/052887

the end effector 840 to a set point position. The controller may check the current position of
the position of the end-effector 840 and stops sending commands to the motors if the set point
position is reached. In some implementations, this process is performed continuously. In
some implementations, the motors are servo or electric motors that are controlled by a servo
control. The force sensor 834 may be connected to the robot with an intermediary analog box
which measures forces and torques and transmits them via a network (e.g., Ethernet, CAN,

wireless, internet, private LAN, public LAN, etc.).

The force sensor 834 may be attached to system in a variety of configurations. In
some implementations, the force sensor 834 is coupled to the robot arm 802 using a sensor-
robot interface 836. The tool holder body 824 may be coupled to the robotic arm 802 via the
force sensor 834. Using this configuration, the sterile cover 820 may be wrapped around the
robot arm 802 and between the tool holder body 824 and the instrument holder 826 via the
sterile adapter 828 to ensure sterilization. The force sensor 834 may provide for direct
measurement of forces on the tool. The force sensor 834 may be designed to resist flexing.
The force sensor 834 may be designed to flex under the stress of certain external forces. The
displacement caused when an external force is applied may be calculated based on the force
applied to the tool, torque applied to the tool, radial force stiffness, axial torque stiffness, and
the diameter of the holder to which the tool is attached. In some implementations, the force

sensor 834 is located between the tool holder 826 and robot tool holder body 824.

In some implementations, the sterile drape 820 includes a flexible covering with a
sterile outer surface. The covering 820 may be at least partially conformable to a surgical
robotic arm 802. The sterile drape 820 may include an embedded connector configured (e.g.,
positioned on the flexible covering and sized) to permit electrical contact between the
electronics for controlling the surgical robotic arm (e.g., an actuator of the robotic arm) and a
the electronics of a sterile handle 804 of the robotic arm 802 when the sterile handle 804 is
separated from the surgical robotic arm 802 by the flexible covering 820. In some
implementations, the sterile drape 820 is disposable (e.g., a single-use product). In some
implementations, the sterile handle 804 is connected to a handle connector 8§12 via a cable
810. The handle connector 8§12 may be plugged into or electrically coupled to the embedded
connector of the sterile drape 820. In some implementations, an electrical connecter is
coupled to the electrical system of the robotic surgical system and may be electrically

coupled to the embedded connector of the sterile drape 820 such that the handle connector
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812 and the electrical connector are electrically coupled to each other through the sterile

drape (e.g., via the embedded connector in the drape).

FIG. 9 is a flowchart of an example method 900 of performing surgery with a robotic
surgical system. In some implementations, the method 900 includes moving a mobile cart
transporting a robotic surgical system with a robotic arm in proximity to an operating table
(902). In some implementations, the robotic arm has an end effector and a sterile handle
thereto. In some implementations, the sterile handle includes a tightening sleeve with a
hollow tubular structure having a first open end. The structure may define an axis along
which a portion of a surgical instrument guide may be inserted into the internal housing. The
tightening sleeve may include two or more openings along a length of the tightening sleeve
allowing the tightening sleeve to mechanically flex under tension The two or more openings

may be slots, holes, perforations, or a combination thereof.

In some implementations, the sterile handle includes a sterile handle housing with a
hollow tubular structure having a first open end, said structure defining an axis along which
the tightening sleeve may be inserted into the external housing. In some implementations, the
sterile handle includes a tightening nut coupled to the sterile handle housing. The tightening
nut may include a thread on an interior of the tightening nut and the tightening nut may be
configured to engage a thread on exterior of the tightening sleeve and thereby tighten the
tightening sleeve such that a diameter of a portion of the tightening sleeve decreases and
securely holds a portion of a surgical instrument guide inserted into the internal housing. The
portion of the surgical instrument guide inserted into the tightening sleeve may be a portion

of the surgical instrument guide handle.

In some implementations, the sterile handle includes an electrical assembly with one
or more input devices for commanding the robotic surgical system. The one or more input
devices may include two or more buttons configured to enable a user to place the robotic
surgical system in one of a rotation mode, a translation mode, or a combined translation and
rotation mode. In some implementations, upon selection of a first button of the two or more
buttons, the robotic surgical system is in the rotation mode, upon selection of a second button
of the two or more buttons, the robotic surgical system is in the translation mode, and upon
selection of both the first and second buttons, the robotic surgical system is in the combined

translation and rotation mode.
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In some implementations, the method 900 includes stabilizing the mobile cart (904).
Stabilizing the mobile cart may include extracting one or more rigid legs on the mobile cart
such that the mobile cart rests on the one or more rigid legs of the mobile cart. In some
implementations, stabilizing the mobile cart includes retracting one or more wheels on the

mobile cart such that the mobile cart rests on one or more rigid legs of the mobile cart.

In some implementations, the method 900 includes maneuvering the robotic arm to a
desired position to align an axis defined by the surgical instrument at a desired trajectory in
relation to a patient situation (906). The desired trajectory may be a desired path of the
surgical instrument guide. In some implementations, the method 900 includes, prior to
manecuvering the robotic arm to a desired position, obtaining or accessing a CT scan, 3D CT

scan, fluoroscopy, 3D fluoroscopy, or natural landmark-based image of the patient situation.

In some implementations, the method 900 includes, after maneuvering the robotic arm
to the desired position, fixing the position of the robotic arm (and, therefore, the position of
the surgical instrument) (908). In some implementations, the method 900 includes, after
fixing the position of the robotic arm, maneuvering the surgical instrument guide in a manner
that is constrained by the surgical instrument guide (910). In some implementations, the
surgical instrument guide is configured to hold and/or restrict movement of a second surgical
instrument therethrough. The surgical instrument may be a drill bit, tap, screw driver, screw-
based implant, and awl. In some implementations, the surgical instrument guide is a drill
guide and the surgical instrument is a drill bit. Step 910 may include maneuvering the
surgical instrument through the surgical instrument guide. For example, step 910 may
include maneuvering the drill bit through the drill bit guide. In some implementations, the

robotic surgical system is for use in spinal surgery.

In some implementations, the sterile handle includes one or more sensors configured
to detect a presence of a surgeon’s hand in proximity to the sterile handle. The sensor may
include a button or lever that is activated when a user grabs a portion of the sterile handle,
thus alerting the system that the hand is present. This may allow the system to detect
intentional movements of the robotic arm and/or end effect and unintentional movements
which may be avoided or negated by the system (e.g., such that the end effector or arm does

not move).

In some implementations, features are added to the sterile handle to prevent rotation

of the handle about the axis of the handle when a torque is applied thereto as shown in FIGS.
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10A-B. In some implementations, one or more ribs 1102 are added to the external housing
1104 of the sterile handle 1100 (e.g., on the inner surface of the external housing) as shown in
FIGS. 11A-C (various cross-sectional views of portions of the sterile handle are shown
therein). The one or more ribs 1102 are designed to block rotation along the axis of the
sterile handle 1100 by engaging one or more openings 1108, respectively, in the internal
housing 1106 of the sterile handle 1100. In the example shown in FIGS. 11A-C, the rib 1102
engages the opening 1108 when the external housing 1104 is slide over the internal housing
1106. In some implementations, several ribs (e.g., two, three, four, five, or six ribs) are
integrated in the external housing 1104 (e.g., and at least a corresponding number of openings
in the internal housing 1106), thereby decreasing the load on a single rib when a torque is
applied to the handle 1100. This allows, for example, a user to apply high torques around the
axis of the handle without rotating the handle itself.

In some implementations, the materials used in the design of the handle are such that
the friction between the inner and outer housing of the sterile handle as explained above is
such that rotation of the axis is prevented (e.g., without using one or more ribs). In some
implementations, interface between the inner and outer housings is coated or textured to

increase the friction there between, thereby preventing the undesired rotation.

FIGS. 12A-C illustrate portions of an example sterile handle. In certain
embodiments, the buttons 1218a-b (e.g., buttons 318a-b shown in FIG. 3A) are connected to
a printed circuit board housed at least partially inside the sterile handle. In some
implementations, the printed circuit board is part of the sterile handle housing (i.e., external
housing). In some implementations, the printed circuit board is part of the tightening sleeve
(i.e., the internal housing of the sterile handle). The printed circuit board (e.g., and the
buttons 1218), in some implementations, are preassembled (e.g., prior to assembling the
handle). In some implementations, a switch 1218c is included such as switch 332 as
described in relation to FIG. 3A. In some implementations, the sterile handle (e.g., the input
devices on the sterile handle and the movement detection device) are electrically connected to
a plug 1206 via a cable 1204. The plug 1206 may be connected to the computer of the
robotic surgical system thereby enabling the computer to communicate with the sterile handle
and vice versa. In some implementations, a cable connector 1202 is included on the printed

circuit board as shown in FIG. 12C.

As shown in FIG. 13, an implementation of a network environment 1300 for use with

a robotic surgical system is shown and described. In brief overview, referring now to FIG.
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13, a block diagram of an exemplary cloud computing environment 1300 is shown and
described. The cloud computing environment 1300 may include one or more resource
providers 1302a, 1302b, 1302c¢ (collectively, 1302). Each resource provider 1302 may
include computing resources. In some implementations, computing resources may include
any hardware and/or software used to process data. For example, computing resources may
include hardware and/or software capable of executing algorithms, computer programs,
and/or computer applications. In some implementations, exemplary computing resources
may include application servers and/or databases with storage and retrieval capabilities. Each
resource provider 1302 may be connected to any other resource provider 1302 in the cloud
computing environment 1300. In some implementations, the resource providers 1302 may be
connected over a computer network 1308. Each resource provider 1302 may be connected to
one or more computing device 1304a, 1304b, 1304c (collectively, 1304), over the computer

network 1308.

The cloud computing environment 1300 may include a resource manager 1306. The
resource manager 1306 may be connected to the resource providers 1302 and the computing
devices 1304 over the computer network 1308. In some implementations, the resource
manager 1306 may facilitate the provision of computing resources by one or more resource
providers 1302 to one or more computing devices 1304. The resource manager 1306 may
receive a request for a computing resource from a particular computing device 1304. The
resource manager 1306 may identify one or more resource providers 1302 capable of
providing the computing resource requested by the computing device 1304. The resource
manager 1306 may select a resource provider 1302 to provide the computing resource. The
resource manager 1306 may facilitate a connection between the resource provider 1302 and a
particular computing device 1304. In some implementations, the resource manager 1306 may
establish a connection between a particular resource provider 1302 and a particular
computing device 1304. In some implementations, the resource manager 1306 may redirect a
particular computing device 1304 to a particular resource provider 1302 with the requested

computing resource.

FIG. 14 shows an example of a computing device 1400 and a mobile computing
device 1450 that can be used to implement the techniques described in this disclosure. The
computing device 1400 is intended to represent various forms of digital computers, such as
laptops, desktops, workstations, personal digital assistants, servers, blade servers,

mainframes, and other appropriate computers. The mobile computing device 1450 is
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intended to represent various forms of mobile devices, such as personal digital assistants,
cellular telephones, smart-phones, and other similar computing devices. The components
shown here, their connections and relationships, and their functions, are meant to be

examples only, and are not meant to be limiting.

The computing device 1400 includes a processor 1402, a memory 1404, a storage
device 1406, a high-speed interface 1408 connecting to the memory 1404 and multiple high-
speed expansion ports 1410, and a low-speed interface 1412 connecting to a low-speed
expansion port 1414 and the storage device 1406. Each of the processor 1402, the memory
1404, the storage device 1406, the high-speed interface 1408, the high-speed expansion ports
1410, and the low-speed interface 1412, are interconnected using various busses, and may be
mounted on a common motherboard or in other manners as appropriate. The processor 1402
can process instructions for execution within the computing device 1400, including
instructions stored in the memory 1404 or on the storage device 1406 to display graphical
information for a GUI on an external input/output device, such as a display 1416 coupled to
the high-speed interface 1408. In other implementations, multiple processors and/or multiple
buses may be used, as appropriate, along with multiple memories and types of memory.
Also, multiple computing devices may be connected, with each device providing portions of
the necessary operations (e.g., as a server bank, a group of blade servers, or a multi-processor

system).

The memory 1404 stores information within the computing device 1400. In some
implementations, the memory 1404 is a volatile memory unit or units. In some
implementations, the memory 1404 is a non-volatile memory unit or units. The memory
1404 may also be another form of computer-readable medium, such as a magnetic or optical

disk.

The storage device 1406 is capable of providing mass storage for the computing
device 1400. In some implementations, the storage device 1406 may be or contain a
computer-readable medium, such as a floppy disk device, a hard disk device, an optical disk
device, or a tape device, a flash memory or other similar solid state memory device, or an
array of devices, including devices in a storage arca network or other configurations.
Instructions can be stored in an information carrier. The instructions, when executed by one
or more processing devices (for example, processor 1402), perform one or more methods,

such as those described above. The instructions can also be stored by one or more storage
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devices such as computer- or machine-readable mediums (for example, the memory 1404, the

storage device 1406, or memory on the processor 1402).

The high-speed interface 1408 manages bandwidth-intensive operations for the
computing device 1400, while the low-speed interface 1412 manages lower bandwidth-
intensive operations.  Such allocation of functions is an example only. In some
implementations, the high-speed interface 1408 is coupled to the memory 1404, the display
1416 (e.g., through a graphics processor or accelerator), and to the high-speed expansion
ports 1410, which may accept various expansion cards (not shown). In the implementation,
the low-speed interface 1412 is coupled to the storage device 1406 and the low-speed
expansion port 1414. The low-speed expansion port 1414, which may include various
communication ports (e.g., USB, Bluetooth®, Ethernet, wireless Ethernet) may be coupled to
one or more input/output devices, such as a keyboard, a pointing device, a scanner, or a

networking device such as a switch or router, e.g., through a network adapter.

The computing device 1400 may be implemented in a number of different forms, as
shown in the figure. For example, it may be implemented as a standard server 1420, or
multiple times in a group of such servers. In addition, it may be implemented in a personal
computer such as a laptop computer 1422. It may also be implemented as part of a rack
server system 1424. Alternatively, components from the computing device 1400 may be
combined with other components in a mobile device (not shown), such as a mobile
computing device 1450. Each of such devices may contain one or more of the computing
device 1400 and the mobile computing device 1450, and an entire system may be made up of

multiple computing devices communicating with each other.

The mobile computing device 1450 includes a processor 1452, a memory 1464, an
input/output device such as a display 1454, a communication interface 1466, and a
transceiver 1468, among other components. The mobile computing device 1450 may also be
provided with a storage device, such as a micro-drive or other device, to provide additional
storage. Each of the processor 1452, the memory 1464, the display 1454, the communication
interface 1466, and the transceiver 1468, are interconnected using various buses, and several
of the components may be mounted on a common motherboard or in other manners as

appropriate.

The processor 1452 can execute instructions within the mobile computing device

1450, including instructions stored in the memory 1464. The processor 1452 may be
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implemented as a chipset of chips that include separate and multiple analog and digital
processors. The processor 1452 may provide, for example, for coordination of the other
components of the mobile computing device 1450, such as control of user interfaces,
applications run by the mobile computing device 1450, and wireless communication by the

mobile computing device 1450.

The processor 1452 may communicate with a user through a control interface 1458
and a display interface 1456 coupled to the display 1454. The display 1454 may be, for
example, a TFT (Thin-Film-Transistor Liquid Crystal Display) display or an OLED (Organic
Light Emitting Diode) display, or other appropriate display technology. The display interface
1456 may comprise appropriate circuitry for driving the display 1454 to present graphical and
other information to a user. The control interface 1458 may receive commands from a user
and convert them for submission to the processor 1452. In addition, an external interface
1462 may provide communication with the processor 1452, so as to enable near arca
communication of the mobile computing device 1450 with other devices. The external
interface 1462 may provide, for example, for wired communication in some implementations,
or for wireless communication in other implementations, and multiple interfaces may also be

used.

The memory 1464 stores information within the mobile computing device 1450. The
memory 1464 can be implemented as one or more of a computer-readable medium or media,
a volatile memory unit or units, or a non-volatile memory unit or units. An expansion
memory 1474 may also be provided and connected to the mobile computing device 1450
through an expansion interface 1472, which may include, for example, a SIMM (Single In
Line Memory Module) card interface. The expansion memory 1474 may provide extra
storage space for the mobile computing device 1450, or may also store applications or other
information for the mobile computing device 1450. Specifically, the expansion memory
1474 may include instructions to carry out or supplement the processes described above, and
may include secure information also. Thus, for example, the expansion memory 1474 may
be provided as a security module for the mobile computing device 1450, and may be
programmed with instructions that permit secure use of the mobile computing device 1450.
In addition, secure applications may be provided via the SIMM cards, along with additional
information, such as placing identifying information on the SIMM card in a non-hackable

manncr.
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The memory may include, for example, flash memory and/or NVRAM memory (non-
volatile random access memory), as discussed below. In some implementations, instructions
are stored in an information carrier and, when executed by one or more processing devices
(for example, processor 1452), perform one or more methods, such as those described above.
The instructions can also be stored by one or more storage devices, such as one or more
computer- or machine-readable mediums (for example, the memory 1464, the expansion
memory 1474, or memory on the processor 1452). In some implementations, the instructions
can be received in a propagated signal, for example, over the transceiver 1468 or the external

interface 1462.

The mobile computing device 1450 may communicate wirelessly through the
communication interface 1466, which may include digital signal processing circuitry where
necessary. The communication interface 1466 may provide for communications under
various modes or protocols, such as GSM voice calls (Global System for Mobile
communications), SMS (Short Message Service), EMS (Enhanced Messaging Service), or
MMS messaging (Multimedia Messaging Service), CDMA (code division multiple access),
TDMA (time division multiple access), PDC (Personal Digital Cellular), WCDMA
(Wideband Code Division Multiple Access), CDMA2000, or GPRS (General Packet Radio
Service), among others. Such communication may occur, for example, through the
transceiver 1468 using a radio-frequency. In addition, short-range communication may
occur, such as using a Bluetooth®, Wi-Fi™, or other such transceiver (not shown). In
addition, a GPS (Global Positioning System) receiver module 1470 may provide additional
navigation- and location-related wireless data to the mobile computing device 1450, which

may be used as appropriate by applications running on the mobile computing device 1450.

The mobile computing device 1450 may also communicate audibly using an audio
codec 1460, which may receive spoken information from a user and convert it to usable
digital information. The audio codec 1460 may likewise generate audible sound for a user,
such as through a speaker, e.g., in a handset of the mobile computing device 1450. Such
sound may include sound from voice telephone calls, may include recorded sound (e.g., voice
messages, music files, etc.) and may also include sound generated by applications operating

on the mobile computing device 1450.

The mobile computing device 1450 may be implemented in a number of different

forms, as shown in the figure. For example, it may be implemented as a cellular telephone
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1480. It may also be implemented as part of a smart-phone 1482, personal digital assistant,

or other similar mobile device.

Various implementations of the systems and techniques described here can be realized
in digital electronic circuitry, integrated circuitry, specially designed ASICs (application
specific integrated circuits), computer hardware, firmware, software, and/or combinations
thereof. These various implementations can include implementation in one or more computer
programs that are executable and/or interpretable on a programmable system including at
least one programmable processor, which may be special or general purpose, coupled to
receive data and instructions from, and to transmit data and instructions to, a storage system,

at least one input device, and at least one output device.

These computer programs (also known as programs, software, software applications
or code) include machine instructions for a programmable processor, and can be implemented
in a high-level procedural and/or object-oriented programming language, and/or in
assembly/machine language. As used herein, the terms machine-readable medium and
computer-readable medium refer to any computer program product, apparatus and/or device
(e.g., magnetic discs, optical disks, memory, Programmable Logic Devices (PLDs)) used to
provide machine instructions and/or data to a programmable processor, including a machine-
readable medium that receives machine instructions as a machine-readable signal. The term
machine-readable signal refers to any signal used to provide machine instructions and/or data

to a programmable processor.

To provide for interaction with a user, the systems and techniques described here can
be implemented on a computer having a display device (e.g., a CRT (cathode ray tube) or
LCD (liquid crystal display) monitor) for displaying information to the user and a keyboard
and a pointing device (e.g., a mouse or a trackball) by which the user can provide input to the
computer. Other kinds of devices can be used to provide for interaction with a user as well;
for example, feedback provided to the user can be any form of sensory feedback (e.g., visual
feedback, auditory feedback, or tactile feedback); and input from the user can be received in

any form, including acoustic, speech, or tactile input.

The systems and techniques described here can be implemented in a computing
system that includes a back end component (e.g., as a data server), or that includes a
middleware component (e.g., an application server), or that includes a front end component

(e.g., a client computer having a graphical user interface or a Web browser through which a
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user can interact with an implementation of the systems and techniques described here), or
any combination of such back end, middleware, or front end components. The components
of the system can be interconnected by any form or medium of digital data communication
(e.g., a communication network). Examples of communication networks include a local area

network (LAN), a wide area network (WAN), and the Internet.

The computing system can include clients and servers. A client and server are
generally remote from each other and typically interact through a communication network.
The relationship of client and server arises by virtue of computer programs running on the

respective computers and having a client-server relationship to each other.

In view of the structure, functions and apparatus of the systems and methods described
here, in some implementations, a system and method for performing surgery with a robotic
surgical system are provided. Having described certain implementations of methods and
apparatus for supporting a robotic surgical system, it will now become apparent to one of
skill in the art that other implementations incorporating the concepts of the disclosure may be
used. Therefore, the disclosure should not be limited to certain implementations, but rather

should be limited only by the spirit and scope of the following claims.

Throughout the description, where apparatus and systems are described as having,
including, or comprising specific components, or where processes and methods are described
as having, including, or comprising specific steps, it is contemplated that, additionally, there
are apparatus, and systems of the disclosed technology that consist essentially of, or consist
of, the recited components, and that there are processes and methods according to the

disclosed technology that consist essentially of, or consist of, the recited processing steps.

It should be understood that the order of steps or order for performing certain action is
immaterial so long as the disclosed technology remains operable. Moreover, two or more

steps or actions may be conducted simultaneously.
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CLAIMS:

1. A sterile handle for use with a robotic surgical system, the surgical handle

comprising:

a tightening sleeve comprising a hollow tubular structure having a first open end, said
structure defining an axis along which a portion of a surgical instrument guide may be
inserted into the internal housing, the tightening sleeve comprising two or more openings
along a length of the tightening sleeve allowing the tightening sleeve to mechanically flex
under tension, wherein the two or more openings each comprise at least one member selected

from the group consisting of a slot, a hole, and a perforation;

a sterile handle housing comprising a hollow tubular structure having a first open end,
said structure defining an axis along which the tightening sleeve may be inserted into the

external housing;

a tightening nut coupled to the sterile handle housing comprising a thread on an
interior of the tightening nut, wherein the tightening nut is configured to engage a thread on
exterior of the tightening sleeve and thereby tighten the tightening sleeve such that a diameter
of a portion of the tightening sleeve decreases and securely holds a portion of a surgical

instrument guide inserted into the internal housing; and

an electrical assembly comprising one or more input devices for commanding the

robotic surgical system.

2. The sterile handle of claim 1, wherein the one or more input devices comprises two or
more buttons configured to enable a user to place the robotic surgical system in one of a

rotation mode, a translation mode, or a combined translation and rotation mode.

3. The sterile handle of claim 2, wherein, upon selection of a first button of the two or
more buttons, the robotic surgical system is in the rotation mode, upon selection of a second
button of the two or more buttons, the robotic surgical system is in the translation mode, and
upon selection of both the first and second buttons, the robotic surgical system is in a course

positioning mode that allows translation and rotation movements.
4. The sterile handle of any preceding claim, wherein the sterile handle is ambidextrous.

5. The sterile handle of any preceding claim, wherein the sterile handle is configured to

be attached directly or indirectly to an end-effector of the robotic surgical system.
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6. The sterile handle of any preceding claim, wherein the robotic surgical system is
configured to allow robotically-assisted or unassisted positioning and/or movement of the
sterile handle by a user with at least six degrees of freedom, wherein the six degrees of

freedom are three degrees of translations and three degrees of rotations.

7. The sterile handle of any preceding claim, wherein the surgical instrument guide is

configured to hold and/or restrict movement of a second surgical instrument therethrough.

8. The sterile handle of claim 7, wherein the surgical instrument is a member selected

from the group consisting of: a drill bit, tap, screw driver, screw-based implant and awl.

9. The sterile handle of claim &, wherein the surgical instrument guide is a drill guide

and the surgical instrument is a drill bit.

10.  The sterile handle of any preceding claim, wherein the robotic surgical system is for

use in spinal surgery.

11.  The sterile handle of any preceding claim, wherein the sterile handle is at least one of

completely or partially disposable.

12.  The sterile handle of any preceding claim, wherein the sterile handle comprises one or

more sensors configured to detect a presence of a surgeon’s hand in proximity to the sterile

handle.

13. A method of performing surgery with a robotic surgical system, the method

comprising:

moving a mobile cart transporting a robotic surgical system comprising a robotic arm
in proximity to an operating table, wherein the robotic arm has an end effector comprising a

sterile handle thereto, wherein the sterile handle comprises:

a tightening sleeve comprising a hollow tubular structure having a first
open end, said structure defining an axis along which a portion of a surgical
instrument guide may be inserted into the internal housing, the tightening
sleeve comprising two or more openings along a length of the tightening
sleeve allowing the tightening sleeve to mechanically flex under tension,
wherein the two or more openings each comprise at least one member selected

from the group consisting of a slot, a hole, and a perforation,
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a sterile handle housing comprising a hollow tubular structure having a
first open end, said structure defining an axis along which the tightening

sleeve may be inserted into the external housing,

a tightening nut coupled to the sterile handle housing comprising a
thread on an interior of the tightening nut, wherein the tightening nut is
configured to engage a thread on exterior of the tightening sleeve and thereby
tighten the tightening sleeve such that a diameter of a portion of the tightening
sleeve decreases and securely holds a portion of a surgical instrument guide

inserted into the internal housing, and

an electrical assembly comprising one or more input devices for

commanding the robotic surgical system;
stabilizing the mobile cart;

maneuvering the robotic arm to a desired position to align an axis defined by the

surgical instrument guide at a desired trajectory in relation to a patient situation;

fixing the position of the robotic arm (and, therefore, the position of the surgical

instrument guide); and

maneuvering a surgical instrument in a manner that is constrained by the surgical

instrument guide.

14.  The method of claim 13, wherein the surgical instrument guide is configured to hold

and/or restrict movement of a second surgical instrument therethrough.

15.  The method of claim 14, wherein the surgical instrument is a member selected from

the group consisting of: a drill bit, tap, screw driver, screw-based implant, and awl.

16.  The method of claim 15, wherein the surgical instrument guide is a drill guide and the

surgical instrument is a drill bit.

17.  The method of claim 16, comprising: mancuvering the drill bit through the drill bit
guide.

18.  The method of any one of claims 13 to 17, comprising: maneuvering the surgical

instrument through the surgical instrument guide.

19.  The method of any one of claims 13 to 18, wherein the robotic surgical system is for

use in spinal surgery.
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20.  The method of any one of claims 13 to 19, wherein the one or more input devices
comprises two or more buttons configured to enable a user to active one or more of the two or
more buttons to place the robotic surgical system in one of a rotation mode, a translation

mode, or course positioning mode that allows translation and rotation movements.

21. The method of claim 20, wherein, upon selection of a first button of the two or more
buttons, the robotic surgical system is in the rotation mode, upon selection of a second button
of the two or more buttons, the robotic surgical system is in the translation mode, and upon
selection of both the first and second buttons, the robotic surgical system is in the combined

translation and rotation mode.
22.  The method of any one of claims 13 to 21, wherein the sterile handle is ambidextrous.

23.  The method of any one of claims 13 to 22, wherein the sterile handle comprises one

or more sensors configured to detect a presence of a surgeon’s hand in proximity to the sterile

handle.

24.  The method of any one of claims 13 to 23, wherein the sterile handle is configured to

be attached directly or indirectly to an end-effector of the robotic surgical system.

25. The method any one of claims 13 to 24, wherein the robotic surgical system is
configured to allow robotically-assisted or unassisted positioning and/or movement of the
sterile handle by a user with at least six degrees of freedom, wherein the six degrees of

freedom are three degrees of translations and three degrees of rotations.

26.  The method of any one of claims 13 to 25, wherein the robotic surgical system is for

use in spinal surgery.

27. The method of any one of claims 13 to 26, wherein the sterile handle is at least one of

completely or partially disposable.

28.  The method of any one of claims 13 to 27, wherein the surgical instrument guide is

configured to be used to guide a screw implant and a tissue protector.

29.  The method of any one of claims 13 to 28, wherein the sterile handle is removably

attached to the robotic arm.

30.  The method of any one of claims 13 to 29, wherein the axis can be aligned with the

desired trajectory in relation to the patient situation via the sterile handle.
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31.  The method of any one of claims 13 to 30, wherein stabilizing the mobile cart
comprises extracting one or more rigid legs on the mobile cart such that the mobile cart rests

on the one or more rigid legs of the mobile cart.

32. The method of any one of claims 13 to 31, wherein stabilizing the mobile cart
comprises retracting one or more wheels on the mobile cart such that the mobile cart rests on

one or more rigid legs of the mobile cart.

33.  The method of any one of claims 13 to 32, comprising: prior to mancuvering the
robotic arm to a desired position, obtaining or accessing a CT scan, 3D CT scan, fluoroscopy,

3D fluoroscopy, or natural landmark-based image of the patient situation.

34.  The method of any one of claims 13 to 33, wherein the desired trajectory is a desired

path of the surgical instrument guide.

35.  The sterile handle of any one of claims 1 to 12, wherein the sterile handle is made

from a sterilizable material.

36.  The method of any one of claims 13 to 34, wherein the sterile handle is made from a

sterilizable material.

37.  The sterile handle of any one of claims 1 to 12 or claim 35, wherein the portion of the
surgical instrument guide inserted into the tightening sleeve is a portion of the surgical

instrument guide handle.

38.  The sterile handle of any one of claims 1 to 12, claim 35 or claim 37 or the method of
any one of claims 13 to 34 or claim 36 wherein the portion of the surgical instrument guide
configured to be inserted into the tightening sleeve is a portion of the surgical instrument

guide handle.

39, The sterile handle of any one of claims 1 to 12, claim 35, claim 37 or claim 38,
wherein the robotic surgical system is configured to allow robotically-assisted or unassisted
positioning and/or movement of the sterile handle by a user with at least four degrees of
freedom, wherein the four degrees of freedom are two degrees of translations and two

degrees of rotations.

40. The sterile handle of any one of claims 1 to 12, claim 35 or claims 37 to 39 or the
method of any one of claims 13 to 34, claim 36 or claim 38, wherein the sterile handle

comprises a printed circuit board.
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41.  The sterile handle or method of claim 40, wherein the printed circuit board comprises

the one or more input devices.

42.  The sterile handle of any one of claims 1 to 12, claim 35 or claims 37 to 41 or the
method of any one of claims 13 to 34, claim 36, claim 38, claim 40 or claim 41, wherein the
sterile handle housing comprises one or more ribs that engage one or more openings,
respectively, on the tightening sleeve when the sterile handle housing is slide over the
tightening sleeve, thereby preventing rotation around the axis of the handle when a torque is

applied thereto.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.1

Claims Nos.: 13-34, 36(completely); 38, 40-42(partially)

Method claim 13 defines a method for treatment of the human or animal
body by surgery practised on the human or animal body, because "[...] a
method of performing surgery with a robotic surgical system, the method
comprising [...] maneuvering the robotic arm to a desired position [...]
in relation to a patient [...] and maneuvering a surgical instrument in a
manner that is constrained by the surgical instrument guide [...]" (claim
13) is seen as comprising a surgical step performed on a patient, because
in various examples in the description the maneuvering of the surgical
instrument takes place while it is placed inside the patient's body.
Therefore no search has been performed for the subject-matter of this
claim and the corresponding dependent claims (see Article 17 (2) PCT and
Rule 39.1.(iv) PCT) and no written opinion is required for the
?ubgect-Tatter of these method claims (see Rule 43bis.1 and Rule 67.1

iv) PCT).
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