(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
01 February 2018 (01.02.2018)

(10) International Publication Number

WO 2018/020254 A2

WIPO I PCT

(51) International Patent Classification:

A61B 34/30 (2016.01)
(21) International Application Number:
PCT/GB2017/052195
(22) International Filing Date:
27 July 2017 (27.07.2017)
(25) Filing Language: English
(26) Publication Language: English

(72) Inventors: MARSHALL, Keith; ¢c/o Cambridge Medical
Robotics Limited, Unit 2 Crome Lea Business Park, Mad-
ingley Road, Cambridge Cambridgeshire CB23 7PH (GB).
PHOOLCHUND, Nikki Priyam Su-Ling; ¢/o Cambridge
Medical Robotics Limited, Unit 2 Crome Lea Business
Park, Madingley Road, Cambridge Cambridgeshire CB23
7PH (GB). JACKSON, Thomas Bates; c/o Cambridge
Medical Robotics Limited, Unit 2 Crome Lea Business
Park, Madingley Road, Cambridge Cambridgeshire CB23
7PH (GB).

(30) Priority Data: (74) Agent: SLINGSBY PARTNERS LLP; 1 Kingsway, Lon-

1613093.2 29 July 2016 (29.07.2016) GB don, Greater London WC2B 6AN (GB).
}2}22}22 }2 Septemger ;8}2 (}28958}2) gg (81) Designated States (unless otherwise indicated, for every
’ September 2016 (1 .09.2016) B kind of national protection available). AE, AG, AL, AM,
1615919.6 19 September 2016 (19.09.2016) G AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
(71) Applicant: CAMBRIDGE MEDICAL ROBOTICS CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
LIMITED [GB/GB]; Unit 2, Crome Lea Business Park, DZ, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
Madingley Road, Cambridge Cambridgeshire CB23 7PH HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
(GB). KR,KW,KZ, LA, LC,LK,LR,LS, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,

(54) Title: MOTION FEEDTHROUGH
600

FIG. 6b

wo 20187020254 A2 | 0E 000 O 0 A

(57) Abstract: A motion feedthrough for a surgical drape, the motion feedthrough comprising a drive transfer element comprising a
first portion and a second portion, the first portion being releasably engageable with a portion of a robot arm and the second portion
being releasably engageable with a portion of an instrument, the drive transter element being movable relative to a bulk portion of the
drape so as to transfer drive between the robot arm and the instrument.

[Continued on next page]



WO 2018/020254 A2 {100V A0 NP A

SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

30

WO 2018/020254 PCT/GB2017/052195

MOTION FEEDTHROUGH

BACKGROUND

It is known to use robots for assisting and performing surgery. Figure 1 illustrates a surgical robot 100
which consists of a base 108, an arm 102, and an instrument 105 comprising an end effector 106. The
base supports the robot, and is itself attached rigidly to, for example, the operating theatre floor, the
operating theatre ceiling or a trolley. The arm extends between the base and the instrument. The arm
is articulated by means of multiple flexible joints 103 along its length, which are used to locate the
surgical instrumentin a desired location relative to the patient 101. The surgical instrument is attached
to the distal end 104 of the robot arm. The surgical instrument penetrates the body of the patient 101
ata port 107 so as to access the surgical site. Atits distal end, the instrument comprises an end effector

106 for engaging in a medical procedure.

The robotic arm 102 is shrouded by a surgical drape 109 to provide a sterile boundary between the
surgical instrument (which must be sterile) and the robotic arm (which may not be sterile). The drape
provides a boundary between the robotic arm and the sterile field in which the arm is positioned (for

example an operating theatre).

Figure 2 illustrates a surgical instrument 200 for performing robotic laparoscopic surgery. The surgical
instrument comprises an instrument base 201 by means of which the surgical instrument connects to
the robot arm. A shaft 202 extends between the instrument base 201 and an articulation 203. The
articulation 203 terminates in an end effector 204. In figure 2, a pair of serrated jaws are illustrated as
the end effector 204. The articulation 203 permits the end effector 204 to move relative to the shaft
202. Itis desirable for at least two degrees of freedom to be provided to the motion of the end effector
204 by means of the articulation. The articulation 203 may be mechanically driven by a drive assembly
powered by one or more motors housed within the robot arm. Mechanical drive needs to be

connected, or coupled, to the instrument through the surgical drape.

A surgeon utilises many instruments during the course of a typical laparoscopy operation. For this
reason, it is desirable for the instruments to be detachable from and attachable to the end of the
robot arm with an ease and speed which enables instruments to be exchanged mid-operation. It is
therefore desirable to minimise the time taken and maximise the ease with which one instrument is

detached from a robot arm and a different instrument is attached.
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The connection of the mechanical drive through the surgical drape presents difficulties when

attempting to maintain the sterile barrier provided by the drape.

There is a need for an improved type of motion feedthrough.

SUMMARY

According to an aspect of the present invention, there is provided a motion feedthrough for a
surgical drape, the motion feedthrough comprising:

a drive transfer element comprising a first portion and a second portion, the first portion
being releasably engageable with a portion of a robot arm and the second portion being releasably
engageable with a portion of an instrument, the drive transfer element being movable relative to a

bulk portion of the drape so as to transfer drive between the robot arm and the instrument.

Suitably the motion feedthrough is operable to transfer drive without compromising the integrity of
the surgical drape. Suitably the motion feedthrough is configured to substantially close a hole in the
drape and/or be attachable to the periphery of a hole in the drape so as to maintain a substantially

hermetic sterile barrier.

Suitably the motion feedthrough comprises a first longitudinally extending element and a second
longitudinally extending element, the first and second longitudinally extending elements being
slidingly engageable with one another along at least a portion of their length. Suitably the first
longitudinally extending element comprises a tongue and the second longitudinally extending

element comprises a groove, the tongue being engagingly receivable within the groove.

Suitably at least one of the first and the second longitudinally extending elements comprises a recess

for receiving a plug.

Suitably at least one of the first longitudinally extending element and the second longitudinally
extending element is attachable to the periphery of a hole in the drape, so that at least a portion of

the drape will move together with the respective longitudinally extending element.
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Suitably the motion feedthrough comprises a pair of capture members defining therebetween a
capture portion for slidably capturing a portion of the drape. Suitably the motion feedthrough
comprises three capture members defining between a first capture member and a second capture
member a first capture portion, and defining between the second capture member and a third
capture member a second capture portion, the first capture portion and the second capture portion

being for slidably capturing a portion of the drape.

Suitably the capture members comprise one or more of a low-friction material and rollers.

Suitably the motion feedthrough comprises a rod configured to extend to both sides of the drape,
the rod comprising an engaging portion towards each end of the rod. Suitably the motion
feedthrough comprises a tube surrounding at least a portion of the rod, such that the rod extends

beyond the tube, the tube comprising an engaging portion towards each end of the tube.

Suitably at least one of the rod and the tube is movable in a direction which is one or more of along

its length and about its circumference.

Suitably the motion feedthrough comprises at least one of a clamp and an O-ring engageable with

the drape.

Suitably the motion feedthrough comprises a hub engageable with the drape, the hub being
rotatably movable relative to at least one of the robot arm and the instrument. Suitably the hub is
engageable with the drape. Suitably the motion feedthrough comprises an interface structure
engageable with the drape, the interface structure comprising a recess, and the hub being receivably

engageable with the recess.

Suitably the hub comprises the first portion and the second portion, each of the first portion and the

second portion being one of a pin and at least a portion of a cog wheel.

Suitably the motion feedthrough comprises a plurality of drive transfer elements, the drive transfer
elements being linearly movable. Suitably the plurality of drive transfer elements are movable

parallel to one another.
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Suitably paths defined by movement of each drive transfer element are non-overlappingin a

direction transverse to a direction of movement of at least one drive transfer element.

Suitably paths defined by movement of each drive transfer element at least partially overlap in a

direction transverse to a direction of movement of at least one drive transfer element.

Suitably paths defined by movement of each drive transfer element are aligned along a common

line. Suitably paths defined by movement of each drive transfer element are in a common plane.

Any one or more feature of any aspect above may be combined with any one or more feature of that

aspect and/or any other aspect above. Any apparatus feature may be written as a method feature
where possible, and vice versa. These have not been written out in full here merely for the sake of

brevity.

This Summary is provided to introduce a selection of concepts in a simplified form that are further
described below in the Detailed Description. The mention of features in this Summary does not
indicate that they are key features or essential features of the invention or of the claimed subject

matter, nor is it to be taken as limiting the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE FIGURES

The present invention will now be described by way of example with reference to the accompanying
drawings. In the drawings:

figure 1 illustrates a surgical robot performing a surgical procedure;
figure 2 illustrates a known surgical instrument;

figure 3 illustrates a surgical robot;

figure 4 illustrates a drive assembly interface of a surgical robot arm;
figure 5 illustrates an instrument interface of a surgical instrument;
figures 6a and 6b illustrate a motion feedthrough;

figure 7 illustrates another motion feedthrough;

figures 8a to 8cillustrate other motion feedthroughs;

figures 9a to 9f illustrate other motion feedthroughs;

figures 10a and 10b illustrate another motion feedthrough;

figure 11a illustrates one side of an interface structure;
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figure 11b illustrates the other side of the interface structure of figure 11a;

figure 12a schematically illustrates a side view of an alternative interface structure;

figure 12b schematically illustrates a plan view of the alternative interface structure shown in figure
12a; and

figures 13a to 13c illustrate configurations of drive assembly interface elements.

DETAILED DESCRIPTION

Figure 3 illustrates a surgical robot having an arm 300 which extends from a base 301. The arm
comprises a number of rigid limbs 302. The limbs are coupled by revolute joints 303. The most
proximal limb 302a is coupled to the base by a proximal joint 303a. It and the other limbs are
coupled in series by further ones of the joints 303. Suitably, a wrist 304 is made up of four individual
revolute joints. The wrist 304 couples one limb (302b) to the most distal limb (302c) of the arm. The
most distal limb 302c carries an attachment 305 for a surgical instrument 306. Each joint 303 of the
arm has one or more motors 307 which can be operated to cause rotational motion at the respective
joint, and one or more position and/or torque sensors 308 which provide information regarding the
current configuration and/or load at that joint. Suitably, the motors are arranged proximally of the
joints whose motion they drive, so as to improve weight distribution. For clarity, only some of the
motors and sensors are shown in figure 3. The arm may be generally as described in our co-pending

patent application PCT/GB2014/053523.

The arm terminates in the attachment 305 for interfacing with the instrument 306. Suitably, the
instrument 306 takes the form described with respect to figure 2. The instrument has a diameter
less than 8mm. Suitably, the instrument has a 5mm diameter. The instrument may have a diameter
which is less than 5mm. The instrument diameter may be the diameter of the shaft. The instrument
diameter may be the diameter of the profile of the articulation. Suitably, the diameter of the profile
of the articulation matches or is narrower than the diameter of the shaft. The attachment 305
comprises a drive assembly for driving articulation of the instrument. Movable interface elements of
the drive assembly interface mechanically engage corresponding movable interface elements of the
instrument interface in order to transfer drive from the robot arm to the instrument. One
instrument is exchanged for another several times during a typical operation. Thus, the instrument is
attachable to and detachable from the robot arm during the operation. Features of the drive
assembly interface and the instrument interface aid their alignment when brought into engagement

with each other, so as to reduce the accuracy with which they need to be aligned by the user.
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The instrument 306 comprises an end effector for performing an operation. The end effector may
take any suitable form. For example, the end effector may be smooth jaws, serrated jaws, a gripper,
a pair of shears, a needle for suturing, a camera, a laser, a knife, a stapler, a cauteriser, a suctioner.
As described with respect to figure 2, the instrument comprises an articulation between the
instrument shaft and the end effector. The articulation comprises several joints which permit the
end effector to move relative to the shaft of the instrument. The joints in the articulation are
actuated by driving elements, such as cables. These driving elements are secured at the other end of
the instrument shaft to the interface elements of the instrument interface. Thus, the robot arm
transfers drive to the end effector as follows: movement of a drive assembly interface element
moves an instrument interface element which moves a driving element which moves a joint of the

articulation which moves the end effector.

Controllers for the motors, torque sensors and encoders are distributed within the robot arm. The
controllers are connected via a communication bus to a control unit 309. The control unit 309
comprises a processor 310 and a memory 311. The memory 311 stores in a non-transient way
software that is executable by the processor to control the operation of the motors 307 to cause the
arm 300 to operate in the manner described herein. In particular, the software can control the
processor 310 to cause the motors (for example via distributed controllers) to drive in dependence
on inputs from the sensors 308 and from a surgeon command interface 312. The control unit 309 is
coupled to the motors 307 for driving them in accordance with outputs generated by execution of
the software. The control unit 309 is coupled to the sensors 308 for receiving sensed input from the
sensors, and to the command interface 312 for receiving input from it. The respective couplings
may, for example, each be electrical or optical cables, or may be provided by a wireless connection.
The command interface 312 comprises one or more input devices whereby a user can request
motion of the end effector in a desired way. The input devices could, for example, be manually
operable mechanical input devices such as control handles or joysticks, or contactless input devices
such as optical gesture sensors. The software stored in the memory 311 is configured to respond to
those inputs and cause the joints of the arm and instrument to move accordingly, in compliance with
a pre-determined control strategy. The control strategy may include safety features which moderate
the motion of the arm and instrument in response to command inputs. Thus, in summary, a surgeon
at the command interface 312 can control the instrument 306 to move in such a way as to perform a
desired surgical procedure. The control unit 309 and/or the command interface 312 may be remote

from the arm 300.
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Figures 4 and 5 illustrate an exemplary mechanical interconnection of the drive assembly interface
and the instrument interface in order to transfer drive from the robot arm to the instrument. Figure
4 illustrates an exemplary drive assembly interface 400 at the end of a robot arm 404. The drive
assembly interface 400 comprises a plurality of drive assembly interface elements 401, 402, 403. The
drive assembly interface elements protrude from surfaces 406, 407, 408 on the drive assembly
interface 400. The protrusion of the drive assembly interface elements from the drive assembly
interface 400 permits engagement of the drive assembly interface elements with corresponding
instrument interface elements, as described below. The protrusions are in the form of fins in the
illustrated example. In other implementations, other types of protrusion can be provided. The drive
assembly interface elements suitably comprise a stiff material, such as a metal. Suitably the
protrusion is formed from a stiff material, such as a metal. Preferably the drive assembly interface

element is formed from a stiff material, such as a metal.

The protrusions (the fins in the illustrated example) comprise a chamfer 414 at their distal ends. The
chamfer provides for ease of engagement of the protrusions in corresponding recesses, as described
below. In other examples the distal ends of the protrusions can be provided with a rounded corner.

The edges of the chamfered portions can be rounded.

The fins extend through the surfaces 406, 407, 408. The portions of the fins that protrude from the
surfaces are perpendicular to the plane of the surfaces. In other examples the fins can protrude in a
direction that is within a range of 10 degrees from perpendicular. Preferably the direction in which

the fins extend is within a range of 5 degrees or within a range of 2 degrees from perpendicular.

Figure 4 illustrates three drive assembly interface elements. In other examples, there may be greater
than or fewer than three drive assembly interface elements. The drive assembly interface elements
401, 402, 403 are movable within the drive assembly interface 400 along linear paths 409, 410, 411.
The paths can be parallel with one another. Suitably at least two of the paths are parallel. The paths
need not be precisely parallel with one another. There may be some tolerance in how closely aligned
the paths need to be. For example, the paths may be within 10 degrees of each other. The paths
may extend in respective directions within a 10 degree range. Preferably the paths are within 5
degrees of each other, or within 2 degrees or 1 degree of each other. The paths may extend in

respective directions within a 5 degree range, or preferably a 2 degree or 1 degree range.
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Aligning the paths in this manner can assist in providing corresponding mechanisms more compactly.
For instance, the mechanisms can be arranged to move alongside one another, permitting the
mechanisms to be arranged more closely together. It is desirable for the robotic system to be highly
dextrous. A small and/or light configuration can assist in providing a highly dextrous system.
Arranging the mechanisms of the interfaces, and/or drive transfer elements, to be more compact (in

either or both of a length, a width and a depth) can permit a smaller and/or lighter configuration.

In the illustrated example, the linear paths 409, 410, 411 are disposed on two parallel planes. The
central linear path 410 is disposed on a plane 407 set into the drive assembly interface 400
compared to that in which the outer two linear paths 409, 411 are disposed. This arrangement
permits a more compact interface between the drive assembly interface 400 and an instrument

interface 500.

In other implementations, the three linear paths 409, 410, 411 can be disposed on the same plane,
or all on different planes. In another example, the outer two linear paths 409, 411 are disposed on a
plane set into the drive assembly interface 400 compared to that in which the central linear path 410
is disposed. In implementations utilising differing numbers of drive assembly interface elements,

different configurations of planes on which the paths are disposed are possible.

Referring now to figure 5, the shaft 501 of the instrument terminates in the instrument interface
500. The instrument interface 500 comprises a plurality of instrument interface elements (one of
which is shown at 502 in figure 5). The instrument interface elements suitably comprise a stiff
material, such as a metal. Suitably the instrument interface element is formed from a stiff material,
such as a metal. Pairs of driving elements (one such pair is shown at 503, 504) extend into the
instrument interface 500 from the end of the shaft 501. Each pair of driving elements terminates in
one of the instrument interface elements. In the example shown in figure 5, the driving element pair
503, 504 terminates in instrument interface element 502; likewise, other driving element pairs

terminate in corresponding instrument interface elements.

In the illustrated example there are three driving element pairs that terminate in three instrument
interface elements. In other examples, there may be greater than or fewer than three instrument
interface elements. There may be greater than or fewer than three driving element pairs. In figure 5
there is a one-to-one relationship between instrument interface elements and driving element pairs.

In other examples, there may be any other coupling relationship between the instrument interface
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elements and driving element pairs. For example, a single instrument interface element may drive
more than one pair of driving elements. In another example, more than one instrument interface

element may drive a single pair of driving elements.

Each instrument interface element 502 comprises a recess, or cup 505, which is the portion of the

instrument interface element engageable with the drive assembly interface element.

The instrument interface elements are displaceable within the instrument interface. In the example
shown, the instrument interface elements are slideable along rails. Instrument interface element
502 is slideable along rail 506. Each instrument interface element is displaceable along a direction
parallel to the direction of elongation of the pair of driving elements which that instrument interface
element holds captive. Each instrument interface element is displaceable in a direction parallel to
the longitudinal axis 512 of the instrument shaft 501. When the instrument interface element moves
along its respective rail, it causes a corresponding movement to the driving element pair secured to
it. Thus, moving an instrument interface element drives motion of a driving element pair and hence

motion of a joint of the instrument.

Drive assembly interface 400 mates with instrument interface 500. The instrument interface 500
comprises structure for receiving the drive assembly interface elements 401, 402, 403. Specifically,
the instrument interface elements receive the drive assembly interface elements. In the example
shown, each instrument interface element comprises a socket or cup 505 for receiving the fin of the
corresponding drive assembly interface element. The socket 505 of one instrument interface
element 502 receives a fin of the corresponding drive assembly interface element 402. Similarly,
sockets of the other instrument interface elements receive fins of the other drive assembly interface

elements.

Each drive assembly interface element is displaceable within the drive assembly. This displacement

is driven. For example, the displacement may be driven by a motor and lead screw arrangement.

Each drive assembly interface element is displaceable along a direction parallel to the longitudinal
axis 413 of the terminal link of the robot arm. When the drive assembly interface element moves, it
causes a corresponding movement to the instrument interface element to which it is engaged. Thus,
driving motion of a drive assembly interface element drives motion of an instrument interface

element which drives articulation of the end effector of the instrument.
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The portions of the fins that protrude from the surfaces comprise front and rear faces aligned in the
directions of movement of the drive assembly interface elements. Here, front and rear refer to
movement in one direction, when the front face will face the direction of movement and the rear
face will face away from the direction of movement. When the drive assembly interface element
moves in the opposite direction, the front face will face away from the direction of movement and

the rear face will face the direction of movement.

The front and rear faces of the drive assembly interface elements are transverse to the direction in
which the drive assembly interface elements are driveably movable. The front and rear faces of the
drive assembly interface elements are parallel to the direction in which the fins protrude from the
surfaces. The front and rear faces need not be exactly parallel to this direction, but are preferably
within a range of 10 degrees, or within a range of 5 degrees, or more preferably within a range of 2

degrees of this direction.

The socket 505 comprises an interior face that is transverse to the direction in which the instrument
interface elements are movable. The interior face need not be exactly transverse to this direction,
but is preferably within a range of 10 degrees, or within a range of 5 degrees, or more preferably

within a range of 2 degrees of being transverse to this direction.

In the illustrated example the interior face of the instrument interface elements and the front and
rear faces of the drive assembly interface elements are parallel to one another. This can assist in the

transferral of drive between the elements.

On engagement of the instrument interface 500 with the drive assembly interface 400, the drive
assembly interface elements are held captive by respective instrument interface elements. The
instrument interface elements and the drive assembly interface elements are all displaceable in the
same direction. This direction is parallel to both the longitudinal axis 413 of the terminal link of the

robot arm 404 and the longitudinal axis 512 of the instrument shaft 501.

Thus, in the illustrated example, linear drive is transferred between the drive assembly 400 and the
instrument. In other examples, the drive need not be linear drive. For instance, the drive could be

rotational drive, or drive about an arc.
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During an operation or surgical procedure, the surgical robot is shrouded in a sterile drape to
provide a sterile barrier between the non-sterile surgical robot and the sterile operating
environment. The portion of the robot that is covered by the drape then need not be sterile. The
surgical instrument is sterilised before being attached to the surgical robot. The sterile drape is
typically constructed of a plastic sheet, for example made of polyester, polypropylene, polyethylene
or polytetrafluoroethylene (PTFE). Suitably, the drape is flexible and/or deformable. This can assist in
the drape shrouding the robot arm without interfering in the location and/or movement of the robot

arm and/or instruments during the surgical procedure.

The sterile drape suitably passes between the drive assembly interface 400 and the instrument
interface 500. The sterile drape forms a barrier between the drive assembly and the instrument

interface. This barrier need not be completely hermetic, but is suitably substantially hermetic.

To effect the transfer of drive between the drive assembly interface 400 and the instrument
interface 500, a drive transfer element is provided for engaging with both the drive assembly
interface element and the instrument interface element. Where a plurality of drive assembly
interface elements and/or instrument interface elements is provided, a corresponding plurality of
drive transfer elements is provided. Suitably a drive transfer element is provided to transfer drive

from each drive assembly interface element to a respective instrument interface element.

The drive transfer element comprises a first portion engageable with the robot arm. For example,
the first portion is engageable with the drive assembly interface, such as being engageable with at
least a portion of the drive assembly interface element. In the example illustrated in figure 4, the
drive assembly interface element comprises a protrusion. The first portion suitably comprises a
recess engageable with the protrusion of the drive assembly interface element. In other examples
the drive assembly interface element can comprise a recess. In this case the drive transfer element

suitably comprises a protrusion engageable with the drive assembly interface element recess.

The drive transfer element comprises a second portion engageable with the instrument. For
example, the second portion is engageable with the instrument interface, such as being engageable
with at least a portion of the instrument interface element. In the example illustrated in figure 5, the
instrument interface element comprises a recess. The second portion suitably comprises a

protrusion engageable with the recess of the instrument interface element. In other examples, the
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instrument interface element can comprise a protrusion. In this case the drive transfer element

suitably comprises a recess engageable with the instrument interface element protrusion.

More generally, the first portion of the drive transfer element comprises one of a recess and a
protrusion for engaging with a corresponding protrusion or recess of the drive assembly interface
element. The second portion of the drive transfer element comprises one of a recess and a
protrusion for engaging with a corresponding protrusion or recess of the instrument interface

element.

A motion feedthrough can comprise the drive transfer element. Where a plurality of drive transfer
elements are provided, the motion feedthrough can comprise the plurality of drive transfer
elements. The motion feedthrough is suitably attachable to the drape. In other examples the drape

can comprise the motion feedthrough.

Suitably, where the drape comprises a hole through which the drive assembly interface element and
instrument interface element are engageable with one another, the motion feedthrough is provided
to cover the hole. In some examples, the motion feedthrough is provided adjacent the hole, and the
capturing of the motion feedthrough and/or the drape between the drive assembly interface and
the instrument interface permits the motion feedthrough to substantially close the hole. The closing
of the hole in the drape by the motion feedthrough permits maintenance of a hermetic, or at least

substantially hermetic barrier between the drive assembly interface and the instrument interface.

In other examples, the motion feedthrough is attachable to the drape. For example, the motion
feedthrough can be attached to the drape so as to close, or at least substantially close, the hole in
the drape. For example, the periphery of the hole can be attached to the motion feedthrough, such

as to a periphery of the motion feedthrough.

Suitably the motion feedthrough, or at least a portion of the motion feedthrough, for example the
drive transfer element, is configured to move relative to a bulk portion of the drape. The motion
feedthrough may comprise a plurality of cooperating portions that are configured to move relative
to the bulk portion of the drape. The cooperating portions suitably cooperate with at least one other

cooperating portion to another side of the drape material.
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As mentioned, the provision of a compact drive transfer element can enable the interface to be
reduced or minimised in at least one of length, width and depth. It can also permit a smaller and/or
lighter interface which can allow the provision of a more highly dextrous system. A relatively less
complex drive transfer element, motion feedthrough, and/or drape (including a motion
feedthrough/one or more drive transfer element where provided as part of the drape) is also
desirable as this can increase the ease of manufacture and/or reduce the cost of manufacture of the
drape, which is typically a disposable item. The use of fewer parts in forming the drive transfer
element and/or motion feedthrough may also reduce the number of joins or potential fluid paths

from one side of the drape to the other, thereby helping to maintain a sterile barrier.

An example of a motion feedthrough 600 is illustrated in figure 6. The motion feedthrough
comprises three drive transfer elements, each of which comprises a longitudinally extending
element 601, 602, 603. In this example three elements are shown, corresponding to three drive
assembly interface elements. In other configurations, the provision of more or fewer elements is
possible. Generally, the number and/or arrangement of the elements will correspond to the number

and/or arrangement of drive assembly interface elements.

The drive transfer elements 601, 602, 603 interface between the instrument interface elements and
the drive assembly interface elements. In other words, a first portion, for example one side, of each
element will interface with a respective drive assembly interface element and a second portion, for
example another side, of each element will interface with a respective instrument interface element.
Thus the one side and the other side will comprise one of a protrusion and a recess for engaging

with a respective one of the drive assembly interface element and the instrument interface element.

In this manner the drive transfer elements 601, 602, 603 can be driven, for example linearly,

together with the drive assembly interface elements.

Each drive transfer element is configured to engage with at least one other drive transfer element. A
first drive transfer element 601 is engageable with a second drive transfer element 602. The second
drive transfer element 602 is also engageable with a third drive transfer element 603. In the
illustrated example the engagement between the first and second drive transfer elements 601, 602
and the engagement between the second and third drive transfer elements 602, 603 is similarly

configured. This need not be the case.
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Referring to figure 6, the first and second drive transfer elements 601, 602 engage by way of a
tongue and groove engagement. The first and second drive transfer elements 601, 602 are
configured to slidably engage with one another. The second and third drive transfer elements 602,
603 are configured to slidably engage with one another. In this way the drive transfer elements
assist in maintaining a barrier. The barrier restricts the movement of fluid from one side of the
barrier to the other. The barrier assists in the maintenance of the sterile barrier provided by the

drape.

As illustrated in figure 6b, there is a gap in the material of the drape (an inner edge of this gap is
shown at 606). This gap permits engagement of the drive transfer elements 601, 602, 603 with one
of the drive assembly interface elements and the instrument interface elements. The gap is sized
such that the instrument interface will cover the gap when the instrument is coupled to the robot

arm. This assists in maintaining the sterile barrier.

In the illustrated example, a first tongue 607 on the first drive transfer element 601 and a second
tongue 608 on the third drive transfer element 603 engage with respective grooves 609, 610 on the
second drive transfer element. In other configurations the tongue can be provided on the second
drive transfer element and the groove on the first and/or third drive transfer element. Combinations

of such arrangements are also possible.

In some examples, a plug 611 is provided for locating at least partly within a recess formed between
the first and third drive transfer elements 601, 603 and within the second drive transfer element
602. The provision of the plug 611 further restricts the ability of fluid to pass between the drive
transfer elements and so enhances the barrier provided. The plug 611 is configured to slide within
the recess so as not to restrict the relative movement between the drive transfer elements. For

example, the plug 611 is made from a low friction material such as PTFE.

In another example, illustrated in figure 7, a motion feedthrough 700 comprises a first drive transfer
element 701, a second drive transfer element 702 and a third drive transfer element 703. The first
drive transfer element 701 engages by way of a tongue and groove engagement with the second
drive transfer element 702. The third drive transfer element 703 engages by way of a tongue and
groove engagement with the second drive transfer element 702. The first drive transfer element 701
comprises a first recess 704 on an upper surface (in the orientation of figure 7). Similarly, the second

drive transfer element 702 comprises a second recess 705 (in fact, a pair of recesses in the illustrated
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example, though there need not be two) on an upper surface. The third drive transfer element 703

comprises a third recess 706 on an upper surface.

The first, second and third recesses 704, 705, 706 are engageable with respective fins or protrusions
of instrument interface elements. A first instrument interface element comprises a first fin 708, a
second instrument interface element comprises a second fin 709 and a third instrument interface
element comprises a third fin 710. The first fin 708 is engageable with the first recess 704. The
second fin 709 is engageable with the second recess 705. The third fin 710 is engageable with the
third recess 706. The first, second and third fins are movable within the instrument interface (i.e. in

and/or out of the plane of figure 7a).

Three drive assembly interface elements are represented at 711. Figure 7a shows a cross-sectional
view through the motion feedthrough 700. In this example, the engagement between the drive
transfer elements 703, 704, 705 and the drive assembly interface elements 711 is via a saddle-type
engagement. Each drive transfer element engages in a recess of the drive assembly interface
element, and the drive assembly interface element correspondingly engages in a recess of the drive

transfer element.

As discussed above, the engagement between the drive assembly interface elements and the drive
transfer elements, and between the drive transfer elements and the instrument interface elements
can be achieved in any convenient manner. A protrusion on one can engage with a recess in the

other.

Referring now to figure 7b, material of the drape 712 comprises a gap 713. The outer edge of the
gap is shown at 714. The gap permits engagement of the fins with the recesses of the central drive
transfer element 702. A portion of the periphery of the drape surrounding the gap or hole (i.e. that
indicated at 714) is, in the illustrated example, attached to the drive transfer elements. The
periphery of the drape around the gap is attached to portions of the first drive transfer element 701
to the side and facing away from the third drive transfer element 703. Similarly, the periphery of the
drape around the gap is attached to portions of the third drive transfer element 703 to the side and
facing away from the first drive transfer element 701. Thus as the first and/or the third drive transfer
elements move, the material of the drape will also move. Thus the gap in the drape will move. In the

illustrated example, the second drive transfer element 702 is longer than the first and the third drive
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transfer elements. This ensures that as the first and/or third drive transfer elements move, the gap

in the drape is still effectively closed by the presence of the second drive transfer element.

Another example of a motion feedthrough is illustrated in figure 8a. In this example, the motion
feedthrough comprises a plurality of capture members 801, 802, 803. The capture members define
therebetween a capture portion. Suitably a pair of capture members define therebetween a capture
portion. In one example, a first capture member 801 is provided adjacent a second capture member
802. The spacing between the first capture member and the second capture member is such as to
retain a portion of drape material between the first and second capture members. Thus the drape is
captured between the first and second capture members. The drape need not be held fast between
the capture members. The drape can be guided between the capture members. The first and second
capture members define therebetween a first capture portion. Suitably the drape can be

controllably guided through the first capture portion.

The first capture member 801 can form at least a portion of one of the first or second portion of a
drive transfer element. The second capture member 802 can form at least a portion of the other of

the first or second portion of a drive transfer element.

In the illustrated example a second capture portion is defined between the second capture member
802 and a third capture member 803. Suitably the drape can be controllably guided through the
second capture portion. As illustrated, the capture members can guide the drape over the first
capture member 801, under the second capture member 802, and over the third capture member
803. In other examples, the capture members can be configured the other way round, so that the
drape may pass under the first capture member, over the second capture member and under the

third capture member.

The provision of three capture members in this way, rather than two capture members, permits a
greater level of controllability of the material of the drape. It also permits the drape to enter and
leave the motion feedthrough in a similar sense (i.e. over or under both of the first and the third
capture members). This can assist in retaining the planarity of the drape as it passes through the

motion feedthrough.

The first and third capture members 801, 803 are coupled together by a coupling structure 804

comprising a first limb 805 connectable to the first capture member 801, a second limb 806
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connectable to the third capture member 803 and a third limb 807 connectable to each of the first
and second limbs. The first and second limbs are of sufficient length that the second capture
member 802 can extend into a recess defined by the coupling structure without the coupling
structure interfering with the second capture member or the material of the drape passing against
the second capture member. The coupling structure is suitably engageable with one of the drive
assembly interface element and the instrument interface element. A fourth limb 808 is connectable
to the second capture member 802. The fourth limb is suitably engageable with the other of the
drive assembly interface element and the instrument interface element. Suitably the first portion of
the drive transfer element comprises one of the coupling structure and the fourth limb. Suitably the
second portion of the drive transfer element comprises the other of the coupling structure and the

fourth limb.

As the drive assembly interface element is driven, the first or third capture member 801, 803 will
push against the second capture member 802, or the second capture member will push against the
first or third capture member (depending on whether the drive assembly interface element is
engaged to the coupling structure 804 or to the fourth limb 808, and whether the drive assembly
interface element is driven to the right or left) via the portion of the drape captured in the first
capture portion or the second capture portion. Thus the first, second and third capture members will

move together as the drive assembly interface element is driven.

As the motion feedthrough moves, the drape material need not move together with the motion

feedthrough. Instead, the material can pass through the motion feedthrough. The material can flow
through the first and the second capture portion. In this way, the material of the drape is not pulled
taut as the drive assembly interface elements are driven. This arrangement therefore reduces strain

on the drape, and can assist in maintaining the integrity of the sterile barrier.

At least one of the first, second and third capture members can comprise a low-friction material,
such as PTFE. For example, the capture member can be formed of a low-friction material, or can
comprise a low-friction material coating. This can assist in a smooth flow of the drape material past
and/or over the respective capture members. At least one of the first, second and third capture
members can comprise a roller pivotably mounted to a respective one of the first limb 805, the
fourth limb 808 and the second limb 806. The roller is suitably configured to rotate so as to permit a

smooth flow of material of the drape past and/or over the capture members as the motion
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feedthrough moves relative to the drape. Suitably one or more capture members is of a low-friction

material and is configured to rotate.

In the illustrated example, as the coupling structure moves to the right in the orientation of figure
8a, as shown by the arrow under the coupling structure 804, the first capture member can rotate
anticlockwise, the second capture member can rotate clockwise, and the third capture member can

rotate anticlockwise.

In one example, the protrusion of the drive assembly interface element or of the instrument
interface element comprises the second capture member, and the recess of the instrument interface

element or of the drive assembly interface element comprises the first and third capture members.

Another example of a motion feedthrough is illustrated in figure 8b. The second capture member is
replaced with two spaced capture members. This configuration permits the motion feedthrough to

have a smaller profile, thus saving space.

A further example is illustrated in figure 8c. In this example, the third limb 807 of the coupling
structure 804 comprises a resilient and/or expandable section (schematically illustrated at 809). This
resilient and/or expandable section permits the spacing between the first capture member 801 and
the third capture member 803 to be varied. This enables the second capture member or (as
illustrated) the two spaced capture members to extend within the recess defined by the coupling
structure 804 by differing amounts, whilst the drape material is effectively retained within the first
and second capture portions. As, for example, the two spaced capture members extend further into
the recess of the coupling structure 804, the resilient and/or expandable section will contract such
that the first capture member 801 and the third capture member 803 move closer to one another.
The material of the drape will then take on a more pronounced S-shape as it passes through the first
and second capture portions. This configuration provides for some tolerance in the relative
positioning of the coupling structure 804 and the second capture member 802 (or the two spaced
capture members). This configuration also permits this tolerance whilst maintaining a relatively

consistent tension in the material of the drape.

Referring now to figure 9a, in another example of a motion feedthrough, a hub 901 is provided in
the drape, or attached to the drape. The hub is suitably generally spherically shaped, or generally

cylindrically shaped, but other shapes are possible. The hub 901 comprises the first portion 902 and
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the second portion 903. The first portion 902 extends to one side of the drape 904 and the second
portion extends to the other side of the drape 904. The first portion and the second portion are
configured to move together with the hub. For example, the hub can be unitarily formed with one or
both of the first portion and the second portion. As illustrated, the first portion and the second
portion here comprise projections or pins which are engageable with corresponding recesses on the
drive assembly interface element and the instrument interface element, but other engagement
mechanisms are possible, as discussed above. An example of a recess on an instrument interface
element is illustrated at 905. The recess comprises a channel 906 with an opening 907. Suitably the
opening 907 is flared or widened to permit easier location of the second portion 903 within the

channel 906. A similar recess can also be provided for receiving the first portion 902.

As the drive assembly interface element (not shown) is moved, it will cause movement of an end of
the first portion 902 distal from the hub 901. This causes rotation of the hub about a central axis (for
example an axis through a central point of a spherically shaped hub, or a longitudinal axis of a
cylindrically shaped hub), and a corresponding movement in an opposite direction of a distal end of
the second portion 903. This causes a corresponding movement of the instrument interface element
comprising the recess 905. Movement of the drive assembly interface element and/or the
instrument interface element can be linear or about an arc. Where the movement is linear, the distal
ends of the first portion and/or the second portion will move relative to the end of the channel 906
in the recess as the hub 901 rotates. Thus the channel 906 is suitably long enough that such relative
movement can be accommodated without the first and/or second portion thereby disengaging the

drive assembly interface element or the instrument interface element respectively.

As the hub 901 rotates there will be a limited amount of wrinkling or buckling of the drape material
adjacent the hub. Thus the drape is suitably resilient enough and/or baggy/loose enough to

accommodate such buckling over the extent of rotation of the hub.

The rotation of the hub 901 is suitably constrained such that movement of the protrusions is
restricted to a single plane. This can be achieved by providing a plate 909 in or attached to the drape
as illustrated in figure 9c. The plate 909 suitably comprises a recess or cup for retaining the hub 901
so as to permit it to rotate in a single plane. For example, the hub can be mounted on an axle or rod
about which it is permitted to rotate. The rod can be retained in a desired orientation in the plate

9009.
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Referring now to figures 9d and 9e, the first and/or the second portion can comprise at least a
portion of a cog, or of a cog wheel. In other words, the first portion can comprise a plurality of
sprockets and/or the second portion can comprise a plurality of sprockets. In the example illustrated
in figure 9d, the drape material can be attached to a portion of the cog, for example to a particular
sprocket. In the example illustrated in figure 9e, the hub comprises a portion without sprockets to

which the drape is attachable.

Where the hub 901 comprises a portion of a cog, the corresponding one of the drive assembly
interface element and the instrument interface element suitably comprises a rack. The sprockets on
the cog are suitably engageable with the rack. Thus, as a rack to one side of the drape is moved, for
example a first rack 911 (which might be coupled to or form part of a drive assembly interface
element), the hub 901 will rotate, causing movement of the rack to the other side of the drape, for
example a second rack 912 (which might be coupled to or form part of an instrument interface
element). The two racks will move in opposite directions. Thus, as illustrated, as the first rack 911

moves to the right (in the orientation of figure 9d), the second rack 912 will move to the left.

The provision of a rack for engagement with the hub facilitates ease of location of the hub. The
lateral positioning of the hub is not critical. This therefore provides for a greater tolerance in the
engagement between the drive transfer element and one or both of the drive assembly interface

element and the instrument interface element.

One of the first portion and the second portion can comprise a portion of a cog, and the other of the
first portion and the second portion can comprise a protrusion. Such a configuration is illustrated in
figure 9f. In this arrangement, linear movement of the rack results in rotation of the hub, causing
movement of the protrusion about an arc. This can cause either linear movement or movement
about an arc of, for example, an instrument interface element comprising a recess within which the
protrusion is receivable. Thus linear movement can be translated to movement about an arc. This
configuration permits flexibility in the construction of the motion feedthrough, allowing optimisation

of the motion feedthrough in different circumstances.

The above examples in which a hub rotates rather than moves linearly may be particularly suitable
for use in arrangements where the drape is tensioned, for example where it comprises a tensioned

diaphragm. In such configurations it may be easier to rotate the hub, causing buckling in the drape,
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than it would be to move a portion of the drape laterally. Thus this arrangement can reduce the

forces needed for effective motion feedthrough.

In another example of a motion feedthrough, illustrated in figures 10a and 10b, the motion
feedthrough comprises three concentric or nested elements, such as tubes, which are coupled to the
drape 1001 via a clamp or O-ring 1002. The clamp or O-ring permits rotation of the outermost tube
relative to the drape whilst maintaining the sterile barrier. In an alternative configuration, an
additional tube surrounding the illustrated outer tube can be provided which can be clamped by the
clamp. In this case the clamp or O-ring need not permit rotation of this additional tube. Suitably,
where a clamp is provided, an O-ring is provided for sealing the join between the clamp and the
drape. The O-ring is suitably an elastomer or a rubber. An O-ring may be provided between adjacent
tubes, permitting sealing of the interface whilst permitting relative motion between the adjacent
tubes. Figure 10 is schematic; some of the dimensions have been exaggerated for ease of

understanding. Each nested element can comprise a drive transfer element.

In the illustrated example, an innermost tube (or rod) 1003 is provided with or comprises an
engagement portion 1004 which is engageable with one of the drive assembly interface element or
the instrument interface element. The motion feedthrough comprises a middle tube 1005
surrounding the innermost tube. The middle tube 1005 is provided with or comprises an
engagement portion 1006 which is engageable with another one of the drive assembly interface
element or the instrument interface element. The motion feedthrough comprises an outer tube
1007 surrounding the middle tube 1005. The outer tube is provided with or comprises an
engagement portion 1008 which is engageable with another one of the drive assembly interface
element or the instrument interface element. In the illustrated example the engagement portions
1004, 1006, 1008 are schematically shown as protrusions, but the engagement portions need not be
protrusions in all examples. Suitably the motion feedthrough comprises seals such as O-ring seals
between the innermost tube 1003 and the middle tube 1005 and between the middle tube 1005 and

the outer tube 1007.

The tubes extend to the other side of the drape 1001, and are similarly provided with, or comprise,
engagement portions on the other side of the drape too. Thus a drive assembly interface element
can engage with one of the tubes to one side of the drape, and an instrument interface element can
engage with the same tube to the other side of the drape, permitting motion feedthrough through

the drape.
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The motion feedthrough can be at least one of linear motion and rotational motion. The linear
motion is along the longitudinal axes of the tubes. The rotational motion is about the longitudinal
axes of the tubes. The provision of both linear and rotational motion permits a larger number of

types of motion, or control signals, to be passed through the drape by the motion feedthrough.

Suitably each tube extends beyond its next outermost tube or the clamp/O-ring by an amount
sufficient to permit the whole range of linear movement of that tube without the engagement
portion thereby interfering with the next outermost tube or the clamp/O-ring. In other words, the
longitudinal path over which each engagement portion 1004, 1006, 1008 is linearly movable may be
non-overlapping with the longitudinal path over which each other engagement portion is linearly

movable.

The motion feedthrough illustrated in figures 10a and 10b shows engagement portions 1004, 1006,
1008 on an upper side (in the orientation of the figures) of the tubes to one side of the drape, and
on a lower side of the tubes to the other side of the drape. This need not be the case. The
engagement portions can be located in any suitable location on the tubes, and in any suitable

circumferential position.

It is convenient to provide the motion feedthrough with tubes so as to permit the transfer of
rotational motion as well as linear motion. It is also possible for the tubes to have other shapes,
which need not all permit the transfer of rotational motion. For example, the tubes can be non-

circular in cross-section, for example oval or polygonal.

In some examples, the drape comprises an interface structure 1100 for interfacing between the
drive assembly interface 400 and the instrument interface 500. A motion feedthrough can comprise
the interface structure. Figures 11a and 11b show an exemplary interface structure 1100 in isolation.
The interface structure 1100 may be integrally formed with the drape. Alternatively, the interface
structure 1100 may be formed separately from the drape and subsequently attached to the drape.
Either way, the interface structure 1100 is sterile. One side 1101 of the interface structure 1100
directly contacts the drive assembly interface. The other side 1102 of the interface structure 1100
directly contacts the instrument interface. Thus, the interface structure 1100 prevents the non-
sterile drive assembly interface from directly touching the sterile instrument interface and hence

maintains the sterile barrier between the two components.
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The interface structure 1100 comprises a main body 1104 and drive transfer elements 1106, 1107,
1108. The drive transfer elements are movable relative to the main body. Conveniently, when the
interface structure 1100 is attached to the surgical robot arm, the main body 1104 lies parallel to the
surface(s) of the drive assembly interface 400. Suitably in this attached configuration, the main body

1104 is aligned with the drive assembly interface.

The main body 1104 comprises a first side 1101 which faces the robot arm when the instrument is
attached to the robot arm. Specifically, the first side 1101 faces the drive assembly 400. The main
body 1104 comprises a second side 1102 opposite to the first side. The second side 1102 faces the
instrument when the instrument is attached to the robot arm. Specifically, the second side 1102
faces the instrument interface 500. Suitably both the first side 1101 and the second side 1102 are
substantially flat. The first side and the second side need not be completely flat. Being substantially
flat, or flat over at least a portion of its surface (for example over at least 10% of its surface, over at
least 20% of its surface, over at least 30% of its surface, preferably over at least 40% of its surface or
more preferably over at least 50% of its surface) permits the interface structure 1100 to be
compactly sandwiched between the instrument and the robot arm when the instrument is attached

to the robot arm.

Being flat can include having flat portions in different planes. For example, as illustrated in figure 4,
the drive assembly interface 400 can have portions which are flat, but disposed generally over two
planes, as described above. Suitably the interface structure 1100 is configured to correspond to the
general surface features of the drive assembly interface so as to compactly engage therewith,
reducing or minimising gaps or space between the interface structure and the drive assembly

interface.

The main body 1104 comprises an aperture. In the interface structure 1100 illustrated in figures 11a
and 11b, an aperture is located generally central to the main body 1104, though it need not be
located in this position. In the illustrated example, the main body 1104 comprises three apertures: a
first aperture 1161, a second aperture 1162 and a third aperture 1163. The apertures provide for

communication between the first side 1101 and the second side 1102 though the main body 1104.

A cover 1110 is provided which covers a portion of the main body 1104. The cover covers the part of

the main body that comprises the apertures. In the illustrated implementation, the cover 1110 is
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located on the second side 1102 of the main body 1104. In other examples, the cover can be located
on the first side 1101 of the main body, or covers can be located on both sides of the main body. The
cover 1110 is attached to the main body 1104. Suitably the cover 1110 is fixed to the main body

1104. The cover can be attached to the main body by adhesive, or by any other convenient means or

method of attachment.

The cover 1110 comprises further apertures, or slots. In the illustrated example, the cover 1110
comprises a first slot 1126, a second slot 1127 and a third slot 1128. The slots communicate with the
apertures in the main body 1104. The first slot 1126 is aligned with the first aperture 1161; the
second slot 1127 is aligned with the second aperture 1162; the third slot 1128 is aligned with the
third aperture 1163. Thus the slots in the cover 1110 provide fluid flow paths between the first side

and the second side 1102 of the main body.

The apertures in the main body 1104 define paths along which the drive transfer elements are
movable. In the example illustrated in figures 11a and 11b, the paths are linear paths. The first
aperture 1161 defines a first path; the second aperture 1162 defines a second path; the third

aperture 1163 defines a third path.

The main body 1104 and the cover 1110 define therebetween channels along which drive transfer
elements are movable. Suitably the drive transfer elements are slideable within the channels. A lip
adjacent an aperture in the main body 1104 and a corresponding lip adjacent an aperture in the

cover 1110 define a channel between the lips. The main body 1104 and the cover 1110 define two
channels per aperture, one to either side of the aperture. The channels extend along the length of

the apertures.

As mentioned above, the interface structure 1100 comprises drive transfer elements. In the example
illustrated in figures 11a and 11b, the interface structure comprises three drive transfer elements: a
first drive transfer element 1106, a second drive transfer element 1107 and a third drive transfer
element 1108. The first drive transfer element 1106 is slidably received in the first slot 1126. The
second drive transfer element 1107 is slidably received in the second slot 1127. The third drive
transfer element 1108 is slidably received in the third slot 1128. Each drive transfer element is

slidably movable along its respective slot.
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The drive transfer elements comprise a central portion and an extending portion which extends
away from the central portion. With reference to the first drive transfer element 1106, the central
portion 1136 comprises a protrusion. The extending portion 1116 comprises a flat plate that extends
from the central portion 1136. The extending portion 1116 is elongate in two opposite directions
which, when the first drive transfer element 1106 is located in the first slot 1126, are aligned with
the directions in which the first slot 1126 extends. In directions transverse to these directions, i.e. in
directions transverse to the extent of the slots, the first drive transfer element comprises a first lip.
The first lip is receivable into channels to either side of the first aperture 1161. Similarly, a second lip
on the second drive transfer element 1107 is receivable into channels to either side of the second
aperture 1162. A third lip is receivable into channels to either side of the third aperture 1163.

Suitably the drive transfer elements are rigid.

The drive transfer elements extending along the slots restricts the fluid flow path through the
apertures. The drive transfer elements extending into the channels adjacent the apertures restricts
the fluid flow path through the apertures. In this way the drive transfer elements restrict the fluid

flow path around the drive transfer elements.

Suitably the inter-engagement between the drive transfer elements 1106, 1107, 1108 and the main
body 1104 is such as to restrict the fluid flow path between the drive transfer elements and the main
body. This inter-engagement is, for example, by a portion of the drive transfer elements being
retained adjacent the main body, such as by being retained in the slots, or by being retained in the

channels.

The first slot 1126 comprises a first end 1130 and a second end 1131 opposite the first end, along
the length of the first slot. The extending portion 1116 of the first drive transfer element 1106
comprises a first extension 1132 and a second extension 1134. The length of the first extension 1132
from the central portion 1136 of the first drive transfer element 1106 is L1. The length of the second

extension 1134 from the central portion 1136 of the first drive transfer element 1106 is L2.

At the furthest extent of movement of the first drive transfer element 1106 towards the second end
1131 of the first slot 1126, the distance between the central portion 1136 and the first end 1130 is
D1. At the furthest extent of movement of the first drive transfer element 1106 towards the first end
1130 of the first slot 1126, the distance between the central portion 1136 and the second end 1131
is D2.
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The length of the first extension L1 is at least the same as the distance D1. Suitably L1 is greater than
D1, for example to provide an overlap between the first extension and the main body and/or
between the first extension and the cover. The length of the second extension L2 is at least the same
as the distance D2. Suitably L2 is greater than D2, for example to provide an overlap between the
first extension and the main body and/or between the first extension and the cover. In this way, the
extending portion 1116 (comprising the first extension 1132 and the second extension 1134) covers
the aperture. In other words, it covers the space between the central portion and the ends of the
slots. Providing the extension portions 1132, 1134 to be the same length as, or greater than, the
potential gap means that the gap will remain covered throughout the extent of movement of the

drive transfer element within the slot.

The second drive transfer element 1107 and the third drive transfer element 1108 are similarly
configured. For example, the second drive transfer element 1107 comprises a third extension 1135.
Thus each aperture or slot remains covered throughout the whole extent of movement of the

respective drive transfer element.

Referring to figures 11a and 11b, the slots are not all of equal length. The second slot 1127 is shorter
than the first slot 1126 and the third slot 1128. The slots need not be sized in this particular way.
Each slot can be sized as desired to account for or permit the required movement of the respective
drive transfer element. In this example the central drive assembly interface element 402 is
configured to move along a shorter linear path 410 than the linear paths 409, 411 along which the
left-hand drive assembly interface element 401 and the right-hand drive assembly interface element
403 are configured to move. Correspondingly the first slot 1126 and the third slot 1128 are longer
than the second slot 1127. In the illustrated example the first drive transfer element and the third
drive transfer element have a relative movement with respect to the main body of 5.1 mm {i.e.
10.2 mm from one end to the other). The second drive transfer element has a relative movement
with respect to the main body of 3 mm (i.e. 6 mm from one end to the other). The relative
movements need not be the same as these. In some examples the relative movement of the first
and third drive transfer elements is longer or shorter than this. The relative movement of the second
drive transfer element can be longer or shorter than this. The ratio of relative movements need not

be this ratio, but could be greater or less than this ratio.
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The ends of the slot in the cover are further apart than the ends of the aperture in the main body.
The slot in the cover is longer than the respective aperture in the main body. This additional length
permits the socket 502 to protrude at least partially within the slot in the cover without reducing the
travel of the drive transfer element within the aperture. Suitably the additional length of the slot
compared to the aperture is at least equal to the width of that portion of the socket disposed
between the drive transfer element and the end of the slot. Suitably the additional length of the slot
compared to the aperture is at least equal to twice the width of that portion of the socket disposed
between the drive transfer element and the end of the slot, so as to avoid reducing the travel of the

drive transfer element within the aperture at either end of the range of movement.

The protrusion of the socket 502 at least partially within the slot in the cover permits better coupling
between the socket and the drive transfer element. The protrusion of the socket at least partially
within the slot in the cover permits better coupling between the socket and the fin. The coupling is
improved by providing a greater overlap between the socket and the fin in the direction of drive

transfer.

In the illustrated example the slots are aligned at one end. An end of the first slot proximal to an
indent 1112 in the interface structure 1100 is aligned with an end of the second slot proximal to the
indent 1112 and an end of the third slot proximal to the indent 1112. When the drive transfer
elements are moved, for example by being driven, to their furthest extent towards the indent 1112,
each of the drive transfer elements will be aligned with the others. Where the ends of the slots, or
the drive transfer elements, are aligned, they may be at the same distance as one another along a

length of the interface structure.

In other examples, the length of the slots need not match the length of the linear paths. Suitably the

slots are at least as long as the linear paths.

This arrangement assists in restricting fluid flow through the aperture or slot. Restricting this fluid
flow assists in maintaining a sterile barrier. Thus when attached to a surgical robot arm, and/or to a
surgical instrument, the interface structure can assist in maintaining the sterile barrier between the

arm and the instrument.

As mentioned above, the central portion 1136 of the first drive transfer element 1106 comprises a

protrusion to the second side 1102 of the interface structure 1100. As can be seen from figure 11a,
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each of the drive transfer elements comprises a central portion which comprises a protrusion to the
second side 1102 of the interface structure 1100. In this example, the central portions of the drive
transfer elements comprise recesses to the first side 1101 of the interface structure 1100 (visible in

figure 11b) for engagement with the fins of the respective drive assembly interface elements.

In other examples, the central portions of the drive transfer elements can be arranged the other way
round. In other words, recesses can be provided towards the second side and protrusions can be
provided towards the first side. Alternatively, any combination of protrusions and recesses can be
provided. This can include one drive transfer element comprising either both a protrusion towards
the first side and a protrusion towards the second side, or a recess towards the first side and a
recess towards the second side. The configuration adopted will suitably match that of the drive

assembly interface 400 and the instrument interface 500.

Suitably the drive transfer elements comprise a plastic material. Preferably the drive transfer
elements are able to deform slightly so as to accommodate interfacing with the drive assembly
interface elements and/or the instrument interface elements. Preferably the drive transfer elements
engage with the drive assembly interface elements by an interference fit, such as a light interference
fit. Suitably the drive transfer elements engage with the instrument interface elements by an

interference fit, such as a light interference fit.

Generally, each drive transfer element comprises a first portion and a second portion. The central

portion suitably comprises the first portion and the second portion.

Referring to the illustrated example, the first portion comprises a recess and the second portion
comprises a protrusion. The protrusion of the second portion comprises a chamfer and/or rounded
edge to ease engagement of the protrusion with a cup, such as a cup on an instrument interface
element, into which the protrusion is receivable. In the illustrated example, as best seen from figure
11a the protrusion of the second portion has a V-shape in cross-section. This aids in engaging the
protrusion with the cup. The V-shape of the protrusion can accommodate misalignment between
the protrusion and the cup as the instrument is attached to the interface structure. The recess of the
first portion comprises a flared and/or rounded edge adjacent the opening into the recess to ease
engagement with a protrusion or fin, such as a protrusion or fin on a drive assembly interface

element, with which the recess is engageable.
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Preferably, the first portion and the drive assembly interface element comprise cooperating surfaces
which are complementary to one another. Preferably, the second portion and the instrument

interface element comprise cooperating surfaces which are complementary to one another.

The main body 1104 of the interface structure 1100 is rigid in the illustrated example. In other
examples it need not be rigid. At least a portion of the main body 1104 can be of a resilient and/or
deformable material. At least a portion of the main body can be flexible. A portion of the main body
can be a flexible material such as a fabric. A portion of the main body can be unconstrained. The
resilience, flexibility and/or unconstrained nature of the portion of the main body can permit and/or

accommodate relative movement between the drive transfer elements.

Suitably a portion of the main body between the apertures is resilient and/or deformable, for
example flexible. Suitably the main body can be formed in whole or in part of a resilient and/or
deformable material. The resilient and/or deformable material can comprise one or more of silicone,
latex, vinyl, butyl, nitrile, neoprene, and a polymer. The resilient and/or deformable material suitably
comprises a material with a low modulus and low hysteresis. The resilient and/or deformable

material suitably comprises a material with a good strain to failure.

In another example, illustrated schematically in figure 12, the interface structure comprises one or
more movable portions 1210. The movable portion is flexible and/or elastic. For example, the
movable portion is a material such as a fabric. Preferably the material is water-resistant to assist in
providing the sterile barrier between the robot arm and the instrument. The material can be
constructed of a plastic sheet, for example made of polyester, polypropylene, polyethylene or
polytetrafluoroethylene (PTFE). The movable portion 1210 reduces the likelihood that the material
of the interface structure ruckles and/or controls the extent to which the material of the interface
structure ruckles, though it need not do this in all examples. The movable portion is arranged to
control the manner in which material of the interface structure moves as the drive transfer elements
1201, 1202, 1203 move. This can permit control of, and/or reaction to, the tension within the

material of the interface structure.

The first portion and/or the second portion is attached to the movable portion. In other examples,
the first portion can be attached to one movable portion. The second portion can be attached to
another movable portion. The flexible and/or elastic nature of the movable portion can assist in

accommodating movement of the first and/or the second portions relative to the main body.
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In the illustrated example, two reels 1211, 1212 are provided. Each reel is configured to hold and
retain an amount of material. Material can be rolled onto one or both reels to take up slack in the
material between the reels. Material can be rolled off one or both reels to relieve tension in the
material between the reels. Material can be rolled onto or off the reels to accommodate movement

of the drive transfer elements.

Referring to figure 12a, the material between the reels moves to the left. This is, for example,
because the drive transfer element attached to that material (not shown) is driven to the left by the
drive assembly. As a drive assembly interface element to which that drive transfer element is
engaged moves to the left, so will the material held by the drive transfer element. The right-hand
reel 1211 will rotate clockwise, as indicted by the arrow, to feed material from the right-hand reel
1211. This means that material between the drive transfer element and the right-hand reel 1211 is
not exposed to a high tension that might otherwise cause a rupture in the material, and/or disrupt
operation of the interface structure and/or the instrument interface. The left-hand reel 1212 can
rotate anti-clockwise, as indicated by the arrow, to roll material onto the left-hand reel 1212. This
means that material between the drive transfer element and the left-hand reel 1212 does not
become loose. Similarly, if the drive transfer element moves to the right, material will be fed from
the left-hand reel 1212. Material can be taken up by the right-hand reel 1211. Either or both of the
left-hand reel 1212 and the right-hand reel 1211 need not take up slack in the material. However,
maintaining the material taut can assist in covering the aperture and in maintaining the sterile

barrier.

Referring now to figure 12b, where three drive transfer elements 1201, 1202, 1203 are provided
adjacent one another, three pairs of reels are provided. This permits each of the three drive transfer
elements to move independently of one another without such independent movement causing
tension to increase in the material of the interface structure. For example, the provision of a pair of
reels for each drive transfer element can reduce the extent to which the material between the reels,
i.e. the movable portion, is exposed to tension, shear forces and/or rupture. This may be compared
to an arrangement in which a single pair of reels is provided for a plurality of drive transfer elements,
and the positioning of the material is based, for example, on an average such as a weighted average

of the positions of the plurality of drive transfer elements.
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In the illustrated example, an uppermost (in the orientation of figure 12b) drive transfer element
1201 is moved to the right (as indicated by the arrow), a middle drive transfer element 1202 is
moved to the left (as indicated by the arrow) and a lower drive transfer element 1203 is moved to
the right (as indicated by the arrow). A first right-hand reel 1213, that of the uppermost section,
takes up material of the movable portion and so has a greater reel diameter. A first left-hand reel
1214, that of the uppermost section, feeds material of the movable portion from the reel and so has
a smaller reel diameter. A second right-hand reel 1215, that of the middle section, feeds material of
the movable portion from the reel and so has a smaller reel diameter. A second left-hand reel 1216,
that of the middle section, takes up material of the movable portion and so has a greater reel
diameter. A third right-hand reel 1217, that of the lower section, takes up material of the movable
portion and so has a greater reel diameter. A third left-hand reel 1218, that of the lower section,

feeds material of the movable portion from the reel and so has a smaller reel diameter.

It will be understood that where the number and/or arrangement of the drive transfer elements
differs from the illustrated example, the number and/or arrangement of the pairs of reels can

similarly differ.

Provision of a reel can assist in reducing the length of the interface structure compared to provision
of rigid drive transfer elements. Provision of a reel can ensure that the sterile barrier is maintained
whilst reducing the length of the interface structure needed. This is because the reel can take up
material that might otherwise have projected past (overlapped) the end of the slot when the central

portion is adjacent that end of the slot.

Material of the interface structure, such as the movable portion, can be taken up and/or fed from a
reel by driving the respective reel about its axis. Material of the interface structure can be taken up
and/or fed from a reel by resiliently biasing the respective reel about its axis. In one example each

reel is resiliently biased and is also driven.

Resiliently biasing a reel can assist in keeping tension within the material of the interface structure
consistent. When tension is lowered (by, for example, a drive transfer element moving towards the
relevant reel), the biasing of the reel will cause the reel to rotate so as to take up material. When
tension is increased (by, for example, a drive transfer element moving away from the relevant reel),

the biasing of the reel will permit the reel to rotate to as to feed material from the reel.
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The resilience of the resilient biasing can be determined to provide for a desired tension or range of
tension in the material of the interface structure. The resilient biasing is, in one example, provided

by a spring coupled to the respective reel.

Driving of the reels can be accomplished by coupling a motor, such as an electric motor, to each reel.
Driving the reels can permit tension to be released and/or slack taken up at a desired speed. For
example, driving the reels can permit tension to be released and/or slack taken up at a higher speed
than might occur with resilient biasing. Driving the reels can permit tension to be controlled more

accurately than by relying on resilient biasing, or on resilient biasing alone.

In one example, one of a pair of reels is coupled to a motor for driving that reel, and the other of the
pair of reels is resiliently biased. The resilient biasing adapts to the tension in the material whilst the
motor is driven so as to achieve a desired tension. This arrangement permits control of the tension

in the material of the interface structure.

A first tension sensor 1221 (shown schematically in figure 12a) is coupled to the right-hand reel
1211, 1213, 1215, 1217. The first tension sensor is configured to sense tension in the material
between the drive transfer element and the right-hand reel. The first tension sensor is suitably
coupled to a rotational axis of the right-hand reel. A second tension sensor 1222 (shown
schematically in figure 12a) is coupled to the left-hand reel 1212, 1214, 1216, 1218. The second
tension sensor is configured to sense tension in the material between the drive transfer element and
the left-hand reel. The second tension sensor is suitably coupled to a rotational axis of the left-hand
reel. Tension sensed by either or both of the first tension sensor and the second tension sensor is
used to determine how to drive either or both of the right-hand reel and the left-hand reel. In other
words, either or both of the right-hand reel and the left-hand reel is controlled in dependence on

tension sensed by either or both of the first tension sensor and the second tension sensor.

The provision of the first tension sensor and the second tension sensor can permit a comparison of
the tension sensed by each of the first and second tension sensors. This comparison can be used to
detect rupture or other damage in the material. For example, if the tension sensed at both of a pair
of reels reduces as a drive transfer element moves, it can be determined that the material between

the reels has ruptured.

In some examples, only one tension sensor need be provided for each of a pair of reels.
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In the foregoing, motion feedthroughs and drive transfer elements have been discussed that can
accommodate three linearly moving drive assembly interface elements which are generally arranged
adjacent one another. An illustration of this general arrangement is given in figure 13a. Part of a
drive assembly interface 1300 is shown in figure 13a. The drive assembly interface 1300 comprises
three drive assembly interface elements 1304, 1305, 1306 which are configured to be movable along
paths indicated at 1301, 1302, 1303. The drive assembly interface elements 1304, 1305, 1306 are
arranged for engaging with instrument interface elements, for example via drive transfer elements.
Movement, such as driven movement, of the drive assembly interface elements 1304, 1305, 1306
along the respective paths 1301, 1302, 1303 causes movement of the drive transfer elements, which
causes movement of the instrument interface elements, thereby transferring drive to the

instrument.

In an alternative configuration, illustrated in figure 13b, the drive assembly interface elements can
be arranged in a partially staggered configuration. Two of the three drive assembly interface
elements, for example the two outermost ones, can be aligned, and the other one, for example the
middle one, can be offset from the other two. In an alternative configuration, illustrated in figure
13c, the drive assembly interface elements can be arranged in a line such that each element is
aligned with the others along the direction of movement of each element. Other configurations,

including any combination of the configurations described herein, are possible.

In the examples illustrated in figure 13, each drive assembly interface element 1304, 1305, 1306 is in
the same plane as the other drive assembly interface elements. l.e. they are all movable in the plane
of the page of the figure. This need not be the case. Any one or more of the drive assembly interface
elements, for example the middle element of three elements, can be movable in a plane offset from

the plane or planes in which the other elements are movable.

The different configurations permit flexibility in the arrangement of the interface between the drive
assembly interface and the instrument interface. For example, aligning the drive assembly interface
elements in a staggered configuration (as in figure 13b) or in a line (as in figure 13c) can reduce the
width of the interface needed. A reduction in width can also be achieved by offsetting the plane of at
least one drive transfer from the plane of at least one other drive transfer element. A configuration

can be selected in dependence on a desired width, length and/or depth of the interface.
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Suitably the configuration of the motion feedthroughs described herein can accommodate the
transfer of drive between drive assembly interface elements configured as illustrated in figure 13 at

least.

Whilst the motion feedthroughs discussed herein have been introduced separately, any combination
of types may be used. For example, a motion feedthrough may comprise one drive transfer element
according to one type discussed herein, and another drive transfer element according to one other

type discussed herein.

The drape discussed herein need not be a surgical drape, but could be used for non-surgical
purposes. For example, it could be used in robotic systems, or systems more generally, in which it is
desirable to provide a barrier which permits motion feedthrough. Such a barrier might be a barrier
to fluid flow and/or a barrier to particulate matter, for example particulate matter entrainedin a
flow of fluid such as air. Such a barrier can therefore be used to provide effective protection from

chemicals, material filings and/or dust.

The instrument could be used for non-surgical purposes. For example, it could be used in a cosmetic

procedure.

The applicant hereby discloses in isolation each individual feature described herein and any
combination of two or more such features, to the extent that such features or combinations are
capable of being carried out based on the present specification as a whole in the light of the common
general knowledge of a person skilled in the art, irrespective of whether such features or combinations
of features solve any problems disclosed herein, and without limitation to the scope of the claims. The
applicant indicates that aspects of the present invention may consist of any such individual feature or
combination of features. In view of the foregoing description it will be evident to a person skilled in

the art that various modifications may be made within the scope of the invention.
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CLAIMS

1. A motion feedthrough for a surgical drape, the motion feedthrough comprising:

a drive transfer element comprising a first portion and a second portion, the first
portion being releasably engageable with a portion of a robot arm and the second portion being
releasably engageable with a portion of an instrument, the drive transfer element being linearly
movable relative to a bulk portion of the drape so as to transfer drive between the robot arm and

the instrument.

2. A motion feedthrough as claimed in claim 1, in which the motion feedthrough is operable to

transfer drive without compromising the integrity of the surgical drape.

3. A motion feedthrough as claimed in claim 1 or claim 2, in which the motion feedthrough is
configured to substantially close a hole in the drape and/or be attachable to the periphery of a hole

in the drape so as to maintain a substantially hermetic sterile barrier.

4. A motion feedthrough as claimed in any preceding claim, in which the motion feedthrough
comprises a first longitudinally extending element and a second longitudinally extending element,
the first and second longitudinally extending elements being slidingly engageable with one another

along at least a portion of their length.

5. A motion feedthrough as claimed in claim 4, in which the first longitudinally extending element
comprises a tongue and the second longitudinally extending element comprises a groove, the

tongue being engagingly receivable within the groove.

6. A motion feedthrough as claimed in claim 4 or claim 5, in which at least one of the first and the

second longitudinally extending elements comprises a recess for receiving a plug.

7. A motion feedthrough as claimed in claim 4 or claim 5, in which at least one of the first
longitudinally extending element and the second longitudinally extending element is attachable to
the periphery of a hole in the drape, so that at least a portion of the drape will move together with

the respective longitudinally extending element.
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8. A motion feedthrough as claimed in any of claims 1 to 3, in which the motion feedthrough
comprises a pair of capture members defining therebetween a capture portion for slidably capturing

a portion of the drape.

9. A motion feedthrough as claimed in any of claims 1 to 3 or 8, in which the motion feedthrough
comprises three capture members defining between a first capture member and a second capture
member a first capture portion, and defining between the second capture member and a third
capture member a second capture portion, the first capture portion and the second capture portion

being for slidably capturing a portion of the drape.

10. A motion feedthrough as claimed in claim 8 or claim 9, in which the capture members comprise

one or more of a low-friction material and rollers.

11. A motion feedthrough as claimed in any of claims 1 to 3, in which the motion feedthrough
comprises a rod configured to extend to both sides of the drape, the rod comprising an engaging

portion towards each end of the rod.

12. A motion feedthrough as claimed in claim 11, in which the motion feedthrough comprises a tube
surrounding at least a portion of the rod, such that the rod extends beyond the tube, the tube

comprising an engaging portion towards each end of the tube.

13. A motion feedthrough as claimed in claim 11 or claim 12, in which at least one of the rod and the

tube is movable in a direction which is one or more of along its length and about its circumference.

14. A motion feedthrough as claimed in any of claims 11 to 13, in which the motion feedthrough

comprises at least one of a clamp and an O-ring engageable with the drape.

15. A motion feedthrough as claimed in any preceding claim, in which the motion feedthrough

comprises a plurality of drive transfer elements, the drive transfer elements being linearly movable.

16. A motion feedthrough as claimed in any preceding claim, in which the plurality of drive transfer

elements are movable parallel to one another.
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17. A motion feedthrough as claimed in any preceding claim, in which paths defined by movement of
each drive transfer element are non-overlapping in a direction transverse to a direction of

movement of at least one drive transfer element.

18. A motion feedthrough as claimed in any of claims 1 to 16, in which paths defined by movement
of each drive transfer element at least partially overlap in a direction transverse to a direction of

movement of at least one drive transfer element.

19. A motion feedthrough as claimed in any of claims 1 to 16, in which paths defined by movement

of each drive transfer element are aligned along a common line.

20. A motion feedthrough as claimed in any preceding claim, in which paths defined by movement of

each drive transfer element are in a common plane.
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