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METHODS AND SYSTEMS FOR ROBOTIC SINGLE-PORT LAPAROSCOPIC
ACCESS

CROSS-REFERENCE TO RELATED APPLICATIONS
[6001] This PCT apphication claims priority to U.S. Patent Application No. 18/172,290
(Attorney Docket No. 41628-716.201), {iled February 21, 2023, which claims the benefit of U.S,
Provisional No. 63/335,548 {Attorney Docket No. 41628-716.101), filed April 27, 2022, the

entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0082} 1. Ficld of the Invention, The present invention relates generally to medical systems,

tools, and methods. More particularly, the present invention relates to systems and tools for
robotically assisted laparoscopie aceess, typically for access of multiple robotically manipulated
tools through a single incision 1n the wnbilicus or other location.

[0003] In recent years, many open surgical procedures perfornied tn the abdonunal cavily
have been replaced by minimally invasive proceduores performed through several very smali
incisions using an endoscope, referred to as a laparoscope, inserted through one of the tncisions.
The other incisions are used for introducing surgical tools, and the abdominal cavity is inflated to
create a space {or performing the surgery. Such procedures are comntonly called "laparoscopic”,
and can be used for gallbladder removal, hernia repair, hysterectomy, appendectomy, gasiric
fundoplication, and other procedures, Similar endoscopic, thoracoscopic and other procedures
are performied in other body cavities with or without inflation,

[0004] While 2 great advance over open surgical procedures, which can require an ineision of
several inches or more through the abdominal wall, such laparoscopic procedures still require
incisions through muscle or (ascia in several separate sites, Each incision may increase the risk
of inlection, bleeding trocar siie hernia, increased postoperative pain, compromised cosmetic
result and other adverse events for the patient,

[8005]  As an improvement over such laparoscopic procedures, "single port” laparoscopy has
been proposed where a single access port is inserted through the umbilicus (the patient's navet),
Access solely through the umbilicus is advantageous since it provides superior cosmetic and
functional results. Iniroducing the laparoscope and all other iools necessary for the surgery
through a single port, however, makes performance of the procedures more difficuit. In
pariicudar, the use of conventional faparoscopic tools, which are typically straight, makes it
difficult to approach a single target area in the treated tissue with two or miore tools at the same

fime.
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[0006] Further improvements in the lield of single port laparoscopic surgery are described in
.S, Patent Publications 2012/0116362, 2016/0081752, and 2019/0307474, commonly assigned
with the present application, the full disclosures of which are incorporated hereirt by reference,
As generally deseribed in these applications, systems for performing single port laparoscopic
procedures include a transcutancous seal and a plurality of tools, The tools comprise a
substantiatty rigid tubular sleeve having a C-shaped central region and an effector core which i3
transfatably and rotatably disposed in the sleeve. The C-shaped central region of the tubular
sleeve, typically tormed as a senucircle, physically passes through the single port while a “cenler
poinl”™ of the semicirele and is aligned with a “virtual™ insertion site on the patient’s abdominal
wall for that tool. Such a virtual insertion site acts as a fulerum point for the tool as it is
manipulated even though the tool physically passes through a single port location offset from the
virtual insertion site. Two, three, or even more such tools may have C-shaped central regions
physically passing through the single port with their virtual remote centers positioned radially
outwardly from a center defined by the single port.

[00607} Of pariicular interest to the present invention, US2019/0307474 describes a method for
rigidly attaching such laparoscopic tools, i.c., those having C-shaped central regions to robotic
armis. Such rigid attachment, however, himiis the ability of a physician 1o manually position the
surgical arm and align the tool prior to commencing a robotic surgical procedure. Unlike
conventional straight laparoscopic tools, laparoscopic tools having C-shaped central regions
require that the center points of the C-shaped central regions be aligned with “virtual” remote
cenlers of the robotic surgical systems, i.e., the sites where straight laparoscopic tools would
have been inserted for manipulation by the robotic surgical systems.

[6008] Thus, it would be beneficial to provide improved methods, systems, and apparatus (or
the robotic manipulation of laparoscopic tools having C-shaped central regions, such as those
described in ULS, Patent Publications 2012/0116362, 2016/0081752, and 2019/0307474,
conmmonly assigned with the present application. It would be particularly desirable if the
improved methods, systems and apparatus, aliowed a physician to manually position a C-shaped
central region of a laparoscopic tool carried by a robot arm through a single port, manually align
the C-shaped segment center point focated in the remote center of the attached robotic arm with
the virtual point of insertion, while the C-shape segment passes through the actual insertion point
and freely move the center point to alternative virtual insertion sites without the need to remove
the laparoscopic toot from the single port or penctrate the patient’s skin at any target virtual
insertion site. Such improved methods, systems and apparatus will preferably facilitaie nwitiple

tool access to abdominal and other surgical larget siles through the single port at the patient’s
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umbilicus or elsewhere with munimum wterlerence between adjacent tools during the
performance of a procedure. At least some of these objectives will be met by the invenlions
described hercinafier,

[6009] 2. Description of the Backeround Art. U.S. Patent Publications 2019/0307474;

2012/0116362; and 2016/0081752 have been described above. Surgical robotic systems of the

type suitable for use with the laparoscopic tools of the present invention are described in
US2009/0163931; US2014/0188130; US201 1/0118709; US2013/0116712; US2016/0235496;
US2007/0021738:; and US2003/0045778. Other patent publications ol interest wclnde

US201 10071541; US2007/0049966; US2006/0167440,

SUMMARY OF THE INVENTION
[6010] In a first aspect of the present invention, a laparoscopic tool is configured to be
mounted on a surgical robotic arm which includes a fixed side mount (configured for detachably
coupling 1o a straight laparoscopic or other cannula) and a driver interface. The laparoscopic tool
comprises a shaft having {a) a straight proximal section, (b} a straight distal section axially
aligned along a conmmon axis wilh the straight proximal seclion, {(¢) a semuicireular mid-portion
having a center point on the common axis and located between and contiguous with the straight
proximal and straight distal sections, and (d} a central passage exlending therethrough. A flexible
cable assembly 15 configured io pass through the central passage of the shafi and to
accommodate the semicireular mid-portion as the flexible cable wire assembly is axiafly
translated and rotated in the central passage of the shalt. A driven interface on the straight
proxinmal section of the shaft is configured to be detachably connected to the driver interface on
the robot arm to manipulate the {lexible cable assentbly, and a distal effector extends from the
straight distal section of the shafi and is drivably coupled to a distal end of the {lexible cable
assembly. A rotatable side mount rotatably is coupled o the straight proximal section of the
shali, and the side mount is configured 1o detachably connect to the lixed side mound on the
robot arm and 1o allow the common axis of the shafi to be rotated about at least twe axes
orthogonal to a longttodinal axis of the surgical robotic arm,
[0011] In some instances, the side mount is coupled to the straight proximal section of the
shaft by a pair of orthogonally oriented rotational joints.
[0012] In some instances, the laparoscopic tool further comprises a telescoping seetion
extending distally of the distal effector end of the shaft to accommodate extension and retraction
of the flexible cable wire assembly. Typically, but not necessarily, the segments of the
telescoping section have alignment features that prevent relative rotation as the segments are

extended and retracted.
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[0013]  In some instances, the flexible cable assembly is configured to be rotatably and
transfatably attached to the driver interface in the surgical robot arm so that said driver interface
can axially and rotationally reposition a push/pull wire of the flexible cable wire assembly
refative to the common axis of the shafl to actuate the distal effector. In such instances, the
flexible cable assembly may further comprise a bidirectional torque tube located coaxially over
the push/pult and being configured to transmit torque and axial transiation forces from the driver
interface in the robot arm to the distal effector.

[0014] 1In a second aspect of the present invention, a laparoscopic tool system for use with a
surgical robot comprises a taparoscopic tool and an alignment tool. The laparoscopic tool may be
configured in any of the wayvs described and claimed herein, and the alignnment ool is typically
coupled to the shaft of the laparoscopic tool and configured to visually “mark™ the position of the
center poing ol the semicircular mid-portion of the shalt and the remote center of the robotic arm,
to which the tool is mounted to facilitate manual positioning of the surgical robot arm with
mountted toal to place the center point at a target virtual point of insertion, The renwote center
corresponds 10 a “virtual” tool iseriion site, i.¢., a site al which an abdonunal wall or other
cavity wall penetration would have been made to accommodate a straight laparoscopic tool,
[6015] In conventional robotic surgery using straight laparoscopic cannulas and tools, the
“remote center” (also referred to as the “remote conter of motion™) is the point 1n space where
the cannula and inserted tool pass through the abdominal wall and enter the patient’s body. This
point of entry serves as a fixed fulerum which limits fateral repositioning of the cannula after
insertion. Moreover, each robotic armt and toel has a separate remote center and abdominal
penetration. As described in detail bellow, the tools of the present invention allow remote
centers, .., virtual nsertion points, to be moved without requiring additional penctrations and
often without even removing the tool {rom the patiend.

[0016} In some mstances, the alignment tool 1s detachably coupled to the shafl,

[06017} 1In some instances, the alignment tool is an elongaied body having a proximal end
coupled to the shaft and a distal marking Up positioned at the center point when the proximal end
is coupled to the shaft,

0018} In other instances, the alignment tool 1s configured to project a pair of visible beams
which cross at the center point of the semicircular mid-portion of the tool when the aligmment
tool 1s coupled to the shaft, In this way, the center point of the senticireular mid-portion of the
tool aligned with the remote center of the robotic arm, to which the tool s mounted, can be

positioned precisely ai the virtual poiat of insertion on the patient’s abdominal wall by manually
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positioning the robotic arm so (hat the beams cross precisely at the desired location of the virtual
insertion point on the patient’s abdomen or other skin region.

[8019] In both cases, aligmment of the conter point of the semicircular mid-portion of the tool
with the remote center of the robolic arm occurs at the time the tool is attached to the robotic
arm. From this point on the center point of the semicircular niid-portion and the remote center of
the robotic arm will remain coincident in space, 1.e., at the same location in space even as the
laparoscopic tool and the suppeorting robot arma s moved 1 space.

[0020] In a third aspect of the present invention, a method lor performing roboiic surgery with
at least one laparoscopic tool having an axis and remote conter aligned with a target virtual point
of insertion on a patieni’s abdonen comprises providing (a} a surgical robotic system having at
lcast one robotic arm which includes a fixed side mount and a driver interface and (b) at least
one laparoscopic tool having a semicircular mid-portion with a center point on & conimon axis
located between and contiguous with a straight proximal section and a straight distal seetion. The
straight proximal scetion of the shaft is rotatably coupled to the fixed side mount on the robot
arm such that the conumon axis of the shaft can be rotaled about at least two axes orthogonal o a
longitudinal axis of the surgical robotic army. The semicircular mid-portion of the shaft of the at
least one laparoscopic tool is positioned through a percutancous passage, and the at least one
robotic arm 1s disengaged from the surgical robot so that the at {east one robotic arm can be
manually positioned,

[0021] The at least one robotic arm is manually positioned to locate the center point of the
semicircular mid-portion of the shaft (whiclh 1s coincident with the remote center of the robot
arnt) of the at feast one laparoscopic tool at the target “virtual” point of insertion for the tool on
the body surface. Thal is, even though the tool physically passes through a different location,
such as a “single port™ located through the patient’s umbilicus or other {ocation, manipulations of
the tool by the robot arma can be contrelled as 1f the ool were straight and passing through the
“virtual” point of insertion.

[6022]  The laparoscopic toof of the present inventlien 1s typically attached to the robot arm
while the semicircular mid-portion renains positioned through the single port or other
percutaneous passage, causing the common axis of the at feast one laparoscopic ol to sell~
rotate and align relative to the longitudinal axis of the surgical robotic arm. After the at {east one
robotic arny is engaged with the surgical robot, the robotic arm is manipulated to cause an end
effector on at jcast one laparoscopic tool to surgically wnteract wilh tissue while the mid-portion
of the shalt remains positioned in the percutancous passage and the center poinl remains locaied

at the remote center previously set on the patent’s abdomen.
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[0023] In some nstances, manually positioning ihe at leasi one robotic arm to locate the center
point of the semicircular mid-portion of the shafi and coinciding remote center of the robolic
arny, to which the tool 1s mounted of the at feast one laparoscopic tool with the virtual insertion
point on the patent’s abdomen comprises providing a visual marker of the ocation of the center
point on the patient’s abdomen and aligning the visual marker with the location of a target virtual
point of insertion. For example, providing the visual marker of the location of the center point on
the patient’s abdomen may comiprise coupling an clongated body having a dislal marking tip
positioned at the ceater point o the shalt. In another example, providing a visual marker of the
location of the center peint on the patient’s abdomen may comprise projecting a pair of visibie
beams which cross at the center point on the patieni’s abdomen.

0024} In some instances, rotatably coupling the straight proximatl section of the shaft to the
fixed side mount on the robot arm comprises detachably attaching a rotatable side mount
rotatably coupled to the straight proximal section of the shaft to the fixed side mount on the robot
arm, For example, the rotatable side mount may be rotatably coupled o rotate about at least two
axes orthogonal to a longitudinal axis of the surgical robotic arm.

[0025F  In some mstances, the method as described above may further conmyprise providing a
second laparoscopic iool having a semicircular mid-portion with a center point on a common
axis localed between amd contiguous with a straight proximal section and a straight distal section,
The straight proximal section of the shaft of the second laparoscopic tool is rotatably coupled to
a [ixed side mount on & second robot arm of the surgical robot such that the common axis of the
shalt of the second laparoscopic tool can be rotated about at least two axes orthogonal to a
longitudinal axis of the second surgicaf robotic ari. The semicircular mid-portion of the shaft of
the second laparoscopic tool 1s positionad through the percutancous passage, and the second
robotic arm {rom the surgical robot is disengaged so that the second robotic arm can be manually
positioned. The second robotic arm s manually positioned to locate the center point of the
semicircular mid-portion of the shaft and cotnciding remote center of the robotic arm, to which
the tool 1s mounted of the second laparoscopic (ool with a second virtual point of insertion on the
patient’s abdomen while the semicireular mid-portion remains positioned through the
percutaneous passage, causing the common axis of the second faparoscopie tool to self-rotate
and align relative to the longitudinal axis of the second surgical robotic arm. The second robotic
arnt 1s then re-engaged with the surgical robot so that the second robotic arm is again
manipulated by the surgical robot. Once re-engaged, the surgical robot is operated to mantpulate
the second robotic arm 1o canse an end effector on ihe second laparoscopic 1ool to surgically

interact with tissae while the mid-portion of the shaft of the second laparoscopic lool remains
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positioned in the percutancous passage and the center poini and remote center of the second

robotic arm: remains located at the second virteal point of insertion on the patent’s abdomen,

INCORPORATION BY REFERENCE
[8026]  All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specitfically and individually indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0027} The novel featares of the tnvention are set forth with particularity (n the appended
claims, A better undersianding of the features and advantages of the present invention will be
obtained by reference to ihe following detailed description that seis forth illustrative
embodiments, in which the principles of the invention are wtilized, and the accompanying
drawings of which:
[0028] Fig. 1 iHustrates a commercially available robotic surgical system of the type that can
be used to manipulate the laparoscopic lools of the present invention.
[0029] Fig. 2 iustraies a pair of laparoscopic {ools intended for manual manipulation in
surgical procedures where said tools are intended (or single port access and are pivolally
mounted in a support [rame, with a repositioned view of one of the tools shown in broken line.
[0030F Figs. 3 1s a perspective view of a laparoscopic tool construcled in accordance with the
principles of the present invention and configured for nianipulation by the arm of a surgical
robot,
[6031} Figs. 4A-4D illustrate internal components of the laparoscopic tool of Fig, 3 with Figs,
4A and 4B showing an extended and a retracted tefescopic distal extension, respectively, and
Figs. 4C and 4D showing a flexible cable and wire configured to actuale an end cffector.
[0032] Fig. 5 1s a detailed view ol a side connecior atiached {o a proximal section of a shaft of
the laparoscopic tool of Fig. 3 showing rotation of the side connector about a first axis transverse
to the shaft in broken line.
[0033F Fig. 6 is a detailed view of the side connector of the laparoscopic lool of Fig. 3 showing
rotation of the side connector about a second axis transverse to the shaft in broken line,
[0034] Fig. 7 iflustrates a [irst embodiment of an alignment tool attachable to the shaft the
laparoscopic tool of the present invention configured to allow a user to align a center point of the

tool with a remote center utilized of the robotic system.
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[0035] Fig. § itlustrates a second embodiment of an alignment tool attachable o the shafi the
laparoscopic tool of the present wvention configured to allow a user to align a center point of the
toal with & remote center utilized of the robotic system.,

[0036} Fig. 9illustrates a laparoscopic tool of the present invention adjacent to an arm of a
surgical robotic system prior to mounting of the tool on the ams.

0037 Fig. 10 illustrates the {aparoscopic tool and surgical robot arm of Fig. 9 with the tool
mounted on the arm.

[0038] Fig. 10A illusirates connection of a prior art straighi laparoscopic tool te a tool holder
of a robotic surgical system showing the location of a “remote center™ characteristic of the
robotic surgical sysiem marked on the straight laparoscopic teol.

0039} Fig. 10B ilustrates connection of the laparoscopic toof of the present invention to a tool
holder of a robotic surgical systent showing the location of a “remolte center” charactleristic of the
robotic surgical system coincident with the center point of semicircufar mid-portion of the
laparoscopic tool in [ree space,

[0040] Figs. 11A-11E tlustrate a method for performing robotic surgery with a laparoscopic
tool having an axis aligned with a target remole conter on a patient’™s abdomen in accordance

with the principles of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
[6041] Referring now to Fig, 1. the laparoscopic tools and end effectors of the present
invention are intended to be used with and nwanipulated by known and commercially available
robotic systems, such as a da Vinei™ Surgical System available from Intuitive Surgical, Inc.,
Sumnyvale, California. An exemplary robotic surgery system 10 includes a robotic station 12 that
inciudes a plurality of robotic arms 14 (with three being Hlusirated) and a conirolier module 16
where a physician can view the procedure and control the surgical arnis to manipulate the tools
to perform: a desired laparoscopic or other surgery.
0042} Referring now to Figs. 2, a prior art laparoscopic tool system 100 of the type
described in US2016/008 1752, previously incorporated herein by relerence, comprises a ool
attachment frame 112 having a first tool 114 and a second tool 120 pivolally attached thereto.
The first tool has a mid-portion 116 and the second tool has a mid-portiorn 122, and both mid-
portions extend generally inwardly from an axis 128 of the tool. Both mid-portions 116 and 122
are preferably circular and have a radius emanating from a virtual rotation point which is
generally aligned with a pivot 152 of an assembly aitached to an outer periphery of ihe tool
attachment frame 112, Having the virtual rotation points of each teol located outside the
periphery of the ring i the location of double pivot allows the generally circolar midportions
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116 and 22 to pass and move through the central opening 118 of the frame 112 without
interfering with cach other, While the nud-pertions 116 and 22 could alternatively have non-
circular geometries which extend radially inward relative to the frame 112, for example being
oval or polyhedral, the circular shape causes the passage peint of the mid-portion to remain fixed
within the central opening 118 of the [rame so long as the tool is constrained to move in to
orthogonal planes by the pivot attachment as will be explained in more detail hereinafter. While
i1 some instances, it would be peossible to modify the arms of a sargical robot to manipulate
these prior art tools, these tools ave intended to be manually manipulaied and any altempt to
directly mnterface the look with a robetic arm would be suboptinmng.

[0043] Reflerring now to Figs. 3 and 4A-4D, a laparoscopic tool 200 consiructed in accordance
with the principles of the present invention comprises a shafl 202 having a straight proximal
section 204 and a straight distal section 206 separated by a semi-circular mid-portion 208, The
straight proximal section 204 and the straight distal section 206 are aligned along a common
longitudinal axis, and the straight proxinl section has a rotational connector 220 positioned
proximal to ihe semicircular mid-portion 208 which allows the semicircular mid-portion and
straight distal section to rotate relative to the straight proximal section 204 about the conumon
longitudinal axis. Such ability to rotate is esseniial to allow repositioning of the laparoscopic tool
200 o difterent virtual insertion points {(which will act as remote center locations tor the robotic
systent) without rentoval from the patient and while the tool remains attached to a robot arm as
will be described in more detail below. Typically, the proximal section 204 includes a sleeve 244
which telescopically relieves another portion of the proximal section to allow length adjustnient.
[6044] The laparoscopic tool 200 lurther includes an end effector 214, such as forceps, cutters
clectrosurgical elements, or the like, at its dislal end, and the distal section 206 will typically
have a telescopic consiraciion 10 allow its length to be adjusted. A rotatable side mount 240 is
attached to the proximal section 204 of the shaft 202 at a location proximat to the rotational
connector, and the rotatable side mount is configared to be removably attached (o a robotic arm
of & surgical robot, as will be described in more detail below. In this way, all portions of the shaft
202 distal o the rotatable connector 220 will be free to rotate about the longitudinal axis of the
shafi, and in particular, the semicircular mid-portion 208 will be able to rotate to other positions
as shown, {or example, in broken line in FIG, 3.

[0045] Referring now to specifically FIGS. 4A to 4B, the internaf components of the
laparoscopic tool 200 which allow manipulation of the end effector 214 will be described. The
shali 202 has a hollow ceniral passage which receives a flexible cable 210, The [lexible cable

210 has a hollow lumen extending from a distal end to a proximal end thereol which receives a

O
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pull and/or push wire 212 having an end effector 214 at its distal end. The flexible cable 210 has
a proximal attachment menber 222 at its proximal end, and the pull and/or push wire 212 has a
proximal attachment niember 224 at its proximal end. The distal section 206 of the shalt 202 is
preferably joined as a telescoping structure having a plurality of segnients 216 including a distal-
most segment 218 that carries the end effector 214, The telescoping distal section may be axially
extended and retracted to accommodate full axial extension of the flexibie cable 210, as
illustrated in Fig, 4A, as well as full axial retraction of the flexible cable, as iltustrated in Fig. 4B8.
The flexible cable 210, by nature of its flexibility, provides a conformable central region 226 to
acconunodate bending as the cable passes through a preferred C-shaped mid-portion 208 of the
shalt. Similarly, the pull/push wire 212 will have a conforming region 228 to accommaodaie
bending as it 18 extended and retracted through the conforming region 226 of the flexible cable
210, The surgical robot manipulates the end effector 214 via these internal components using a
drive head 286 mounted on a tool holder 282 which connects to the robotic arm interface 242 on
the laparoscopic tool 200 when the tool is mounted on the tool holder of the surgical robot, as
shown in Fig, 10 described below.

0046} The robotic anm interface 242 allows the drive head 286 of robotic surgical system to
mechanically drive the end effector 214 by manipulating the internal components of the
laparoscopic tool 200, Axial translation of the cable and wire assembly {including the flexible
cable 210 and pull/push wire 212) relative o the shaft 202 can be achieved by selectively
tensioning the proximal attachment member 222 at the proximal end of the flexible cable 210,
Similarly, rotation of the cable and wire assembly about the assembly’s longitudinal axis can
also be achieved by rotating the proximal attachment member 222 at the proximal end of the
flexiblc cable 210, In addition, axial translation of the pull/push wire 212 relative to the flexible
cable 210 to actuate an end effector may be achieved by manipalation of the proximal
attachment 224 at the proximal end of the pull/push wire 212,

[0047] The proximal section 204 of the laparoscopic tool 200 is secured to tool the holder 282
through attachment of the robotic arm interface 242 to the drive head 286, as seen in Figs. 9 and
16, while the distal section 206 of the faparoscopic teol is secured to tool the helder through
attachment of the rotatable side mount 240 Lo a tool attachment head 284 at a lower end of the
tool holder, ay also seen in Figs. 9 and 10, The specific connection between the robotic arm
interface 242 and the drive head 286 will depend on the nature of the laparoscopic tool and does
not form part of the present invention. Usaally, the specific connection pattern for the tools of
the present invention will be arranged to match that of a corresponding conventional

laparoscopic tool of the same type, ¢.g., all forceps all cutters will be interfaced sinilarly, and the
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robotic control sysiem will be agrostic (o the use of the conventional tools or the tools of the
present invention. In contrast, the rotatable side mount 246 s designed to provide one or more
rotational axes to facilitate connection of the laparoscopic tool 200 to the tool holder 282,

[0048] Referring now to Figs. 5 and 6, the rotatable side mount 240 coniprises a base eylinder
248, a base plate 250, and an insertable connector 252, The base cylinder 248 is erimped or other
fixed to the outer surface of the proximal section 204 of the shaft 202 on a proxinual side of the
rotatable connector 220, The base plate 250 1s pivolally attached lo the base cylinder 248 atl a
pivol axis 254 so that it can tilt relative to the shalt as shown in broken line in Fig. 5. The
insertable connector 252 is pivotally attached to the base plate 250 at a pivot axis 236 so that i
can rotate velative to the shalt as shown in broken line tn Fig. 6. In this way, the insertable
conneclor 252 has two orthogonal pivot axes relative to the axis of the shaft 202 which allows
the laparoscopic tool to be first connected at its lower end to the ool holder 282 and then
reoriented as the robotic arm interface 242 is connected the drive head 286 al the upper end of
the tool holder.

[0049] Reflerring now to Figs. 7 and 8, an alignment tool is tvpically coupled to the shaft of the
laparoscopic tool and configured to viscally “mark™ the position of the center point CP of the
semicircular mid-portion of the shafl to faciditate manual positioning of the surgical robot arm to
place the center point/remote center at a target “virtual point of insertion” on the patient’s body.
As shown in Fig. 7, an alignment tool 260 may be a simple straight rod or probe have a tip 262
with locates at the center point CP when a connector hub 264 is removably attached to the
proximal section 204 of the shaft 202, as shown in broken line. As shown in Fig. &, an alignment
tool 266 comprises a bar with a pair of light emitting diodes or other light sources 268 and 270
which arg arranged to project beams 268a and 268b that cross at point 272 which is located at the
center point CP of the semu-circudar mid-portion of the shafl 202, The laparoscopic tool 208 can
thus be aligned by mamually moving the laparoscopic tool 200 and tool holder 282 until the tip
62 of alignment {ool 260 or the cross point 272 of alignment tool 266 1s located at a target viriual
point of insertion, as will be described in greater detail with reference to Figs. 11A-11E below.
(0050} Fig. 9 illustrates the faparoscopic tool 200 of the present invention adjacent o a tool
holder 282 carried by an arm 280 of a surgical robotic system, such as that iHlustrated in Fig. 1,
prior to mounting of the tool on the arm. The laparoscopic tool 200 is mounted by inserting the
insertable connector 252 of the rotatable side mount 240 into an attachment cavity 288 on one
side of the atlachment head 284 of the tool holder 282. Mount release fever 290 allows the tool
204 to be released from the tool holder 282 after a procure has been completed. Typically, the

rotatable side mount 240 of the laparoscopic tool 200 will attached to the attachment head 284 of
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the tool holder 282 prior 10 atlaching ihe robotic wnterface 242 to the drive head 286. In this way,
the shafl 202 of the taparoscopic tool 200 remains free to rotate relative to the mounting axes
defined by the rotatable side mount 240, as described previously with reference to Figs, 5 and 6.
Once the attachment head 284 is attached to the tool holder 282, as shown in Fig. 10, the
laparoscopic ool 200 will be immobilized with respect to the tool holder 282, and the
laparoscopic tool 200 and the tool holder 282 wilt be moved together as one unit by the surgical
robot arm 280, The attachment head 284 of the tool holder 282 will typically include a cluich
refease (not shown) which allows the user to sclectively disengage the surgical robot arm 282 so
that it can be manually positioned relative to a patient for intial set up, as will be described 1n
greater detail with reference to Figs, 11A-11E.

0051} Fig. 10A illustrales connection of a straight laparoscopic tool, such as straight cannula
SC, to the attachment head 284 of the tool holder of a robotic surgical system showing the
location of a “remote center RC™ characteristic of the robotic surgical system marked on the
straight laparoscopic tool. The location of the remote center RC is marked on a shaft of the
cannuia SC so that a user may locate the remoie center an actual abdoninal wall penetration n a
conventional robotic laparoscopic surgical procedure. The remiote center is a characteristic of the
pariicudar surgical system being enaployed and is the fulcrum or pivot point of the tool shaft and
is used by the robotic surgical system to plan all manipulation, of the tool

[6052} Fig. 10B illustrates connection ol the laparoscopic tool of the present invention to the
attachment head 284 of a tool holder of a robotic surgical system showing the tocation of a
“remote center” characteristic of the robotic surgical system. In contrast to the conventional,
straight tool iltustrated in Fig. 10B, however, the remote center RC wifl be coincident with the
center point CP of senicircular mid-peortion of the laparescopic tool which is located in fiee
space. In further contrast to the conventional, straight tool illustrated in Fig, 10B, the remote
center RC of the laparoscopic tools of the present invention will be positioned at & virtual
mseriion site without the need for an actual penetraiion. By dimensioning the laparoscopic tool
of the present invention to locate the center point CP of the semicircular mid-portion at the
remote center of the particular robotic surgical system to be used, the robotic surgical systent
will be able to manipufate the tool as 1f it were straight, so no modifications o the robotic
surgical system are necessary (although there may be instances where modifications might be
useful)

[06053] A micthod for postlioning the laparoscopic tools of the present invention will now be
described with reference to Figs. 11A-11E. As shown in Figs, 11A and 118, a laparoscopic port

or seal S, such as that deseribed tn commonly owned US2019/0380743, the [ul] disclosure of
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which is incorporated herein by relerence, 1s placed through the umbilicus U n the patieat’s
abdomen A, As shown in fig 11C, the tool 200 is introduced into the distended abdomen to the
level when semi-circular mid-portion segment 208 reaches the port seal S, As shown in Fig,
11D, the user alier engaging the cluteh, brings the robot arm 282 to the proximity of the tool side
mount 240, depresses the mount fever 290 on the robot arm 282, engages the tool side mount 240
and by releasing the mount lever 290 locks the tool 200 to the robotic arm. Holding the clutch
engaged and not displacing the position of semi-circular nud-portion segment 208 within the seal
S, the user moves the robot arm 282 to align the robolic interphase 242 with the drive head 286
and locks il

[0054]  After the tool holder 282 15 atiached to the laparoscopic tool 208, the user, actuates the
clutch to disengage the tool holder 282 and aligns the center point CP ol the semi-circular mid-
portion 208 with a virtual insertion point prior to beginning the surgery, as shown in Fig, 11D,
Typicaily, although not necessarily, the user will employ an alignment tool, such as alignnient
tools 260 and 266 previously deseribed with reference to Fig, 7 and 8. Once tool 200 and holder
282 are i alignment with the virtual insertion point, as shown by alignment hine AL n Fig, 11D,
the user can release the cluteh release level, locking the tool and holder so that their motion will
now be contrelled by the robolic system (not manually). The laparoscopic tool 200 1s then ready
for use, although the surgery will efifen require that one, twe, three, or even more laparoscopic
tools be introduced through the seal, depending on the requirements of the surgery to be
performed.

[8055] At any time during a surgical procedure, the user may desire to reposition the center
point CP of the semi-circular mid-portion 208 with a different target virtual insertion point, as
shown for example in Fig. [1E. Th user can perforny such repositioning by simiply decoupling
the arm 280 and the tool holder 282 from the surgical robot using the clutch release which is part
of the surgical robot {not shown). The tool 208 and holder 282 can then be manually repositioned
until the center poini CP of the tool 200 is located at a different virtual insertion point, as shown
in Fig. 11E. Such repositioning is accomplished without removing the tool 200 from the port scal
S and without the need to form a penetration through the patient’s abdonien at the new target
virtual insertion poini. While such repositioning is limited by the radius of the semi-circufar mid-
portion 208, a first tool can be exchanged for a second tool having a different semi-circular mid-
portion radius, although tool removal will be necessary in that case.

[6056] During surgery, the robotic system will reposition the robot arny and toot at many
different angles in relation 1o the plane of penetration of the abdominal wall with the pivot at ihe

level of abdominal wall (remote center). Once the set-up 1s complete, the distance from a
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prosimal poriion of the laparoscopic tool held by the robotic arm to the virtual insertion point of
this tool will typically remain the same. The mitial distance is selected so a semi-circle center
point and sharing the space remote center of the robotic arm 208 (Figs 7 and 8) is at the level of
the virteal insertion point into the body cavity. From this time on, all movement of the robotic
arm will maintain this distance so that the remote center remains the same location at the virtual
insertion point into the abdominal wall.

[0057F Preforred embodiments of this invention are described herein, inchiding the best mode
known to the inveniors for carrying out the mvention. Vartations of those preferred ecabodinents
may become apparent to those of ordinary skill 1 the art upon reading the foregoing description.
The inventors expect skilled artisans to employ such variations as appropriale, and the inventors
intend for the invention to be practiced otherwise than as specifically deseribed herein.
Accordingly, this invention includes all modifications and equivalents of the subject nuatter
recited in the claims appended hereto as permitted by applicable faw. Moreover, any
combination of the above-described elements in all possible variations thereof is encompassed
by the invention unless oilherwise indicaied herein or otherwise clearly contradicted by context,
[0058F All references, including publications, palent applications, and patents, cited herein are
hereby incorporated by reference to the same extent as il cach reference were individually and

specilically indicated to be incorporated by reference and were set forth in s entirety herain,
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WHAT IS CLAIMED 1S:

1. A laparoscopic tool configured to be mounted on a tool holder of a
surgical robotic system having a robotic arm with a remote center which tool holder includes a
fixed side mount and a driver interface, said laparoscopic tool comprising:

a shaft having (a) a straight proximal section, (b} a straight distal section axially
aligned along a common axis with the straight proximal section, (¢) a semicircular mid-portion
having a center point on the common axis and located between and contignous with (he straight
proxiumal and straight distal sections, wherein lhe location of the center point 1s coincident with
the reniole center of the robotic armi when the faparoscopic tool is mounted on the tool holder,
and {d) a central passage extending through the shafi;

a flexible cable assembly configured to pass through the central passage ol the
shaft and to accommodate the semicircular mid-portion as the [lexible cable wire assembly is
axiaily translated and rotated in the central passage of the shaft;

a driven interface on the straight proximal section of the shafl configured to be
detachably connected to the driver interface on the rebot arm to manipulate the flexible cabie
assembly;

a distal effector extending from the straight distal section of the shafi drivably
coupled to a distal end of the flexible cable assembly; and

a rotalable side mount rotatably coupled lo the straight proximal section of the
shalt, said side mount configured to detachably connect to the fixed side mount on the robot arm
and to allow the common axis of the shafl to be rotated about at least two axes orthogonal o a
longitudinal axis of the surgical robotic arm;

wherein the semicircular mid-portion is atlached io the sivaight proximal section
by a rotatable bearing that allows the senmcircular mid-portion to rotate about the common axis
relative to the straight proximal section.

2. The laparoscopic tool as in claim i, wherein the side mount is coupied o
the straight proximal section of the shaft by a pair of orthogonally oriented rotational joints,

3. The laparoscopic lool as in claim 1 or 2, further comprising a telescoping
section extending distally of the distal effector end of the shalt to accommodate extension and
retraction of the flexible cable wire assembly.

4, The laparoscopic tool as in claim 3, wherein segments of the telescoping
section have alignment features that prevent relative rotation as the segmients are extended and

retracted.
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5. The laparoscopic 1ool as in any one of claims 1 10 4, wherein the [fexible
cable assembly is conligured to be rotatably and transiatably attached to the driver interface in
the surgical robot arm so that said driver interface can axially and rotationally reposition a
push/pull wire of the flexible cable wire assembly relative to the common axis of the shaft to
actuate the distal effector.

6. The laparoscopic tool as in claim 3, wherein the flexible cable assembly
further comprises a bidirectional torque tube {ocated coaxially over the push/pull wire and
configured to transmit iorque and axial franstation forces from the driver inierface in the robot
arm to the distal eflector.

7. A laparoscopic fool system for use with a surgical robot, said system
COmprising:

a laparoscopic tool as in any one of claims | 0 6; and

an alignment tool confligured to be coupled to the shaft in a fixed orieniation and
to mark a position of the center point of the semicircular mid-portion of the shaft when coupled
to the shaft, wherein a user can visnalize the marked position and manually position the surgical
robot arm to place the center point of the semucircie and coinciding remote center of the robotic
arny, to which ihe tool s mounted with the virtual insertion point on the patient’s abdomen,

8. The laparoscopic tool system of claim 7, wherein the alignment tool is
detachably coupled to the shaft,

9. The laparoscopic tool system of claim 7 or §, wherein the alignment tool
is an elongated body having a proximal end coupled to the shalt and a distal marking tip
positioned at the center point when the proximal end is coupled to the shaft.

19.  The laparoscopic tool system of any one of claims 7 to 9, wherein the
alignment ool is conligured to project a pair of visible beams which cross at the center point
when the alignment tool 1s coupled to the shafi.

11, A method for performing robotic surgery with at least one laparoscopic
tool having an axis aligned with a virtual insertion point on a patient’s abdomen, satd mthod
comprising:

providing a surgical robotic system including at least one robolic arm having a
remote center and a tool holder carried by the robotic arm, said tool holder having a fixed side
mount and a driver interface;

providing al least one laparoscopic ool including a shaft having a semicireolar
mid-portion with a center point on a common axis ocated between and configuous with a

straight proxumal section and a straight distal section of the shafl, said center point coinciding
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with the location of the remiote center of the robotic arny to when the laparoscopic iool 1s
mounted on the tool holder:

coupling the straight proximal section of the shaft to the fixed side mount on the
robot arm, wherein the center point of the semicireular mid-portion is positioned at the remote
center of the surgical robotic system;

positioning the semicircular mid-portion of the shaft of the at least one
laparoscopic tool through a pereulancous passage, wherein percutancous passage is offset from
the remoie center of the surgical robotic system: by a distance equal to the radius of ihe
semicircudar mid-portion;

disengaging the at least one robotic arm [rom ihe surgical robot so that the at {east
one robotic arm can be manually positioned;

manually positioning the at feast one robotic arm to locate the center point of the
semicircutar mid-portion of the shaft of the at feast one laparoscopic toof at the virtual insertion
point on the patent’s abdomen while the semicireular mid-portion remains positioned through the
percutaneous passage, wherein the senucircular mid-poriion rotates about the common axis
refative to the straight proximal section while the robotic arm s being repositionad.

re-engaging the at least one robotic army with the surgical robot so that the roboiic
arm 1s manipulated by the surgical robot; and

operating the surgical robot (o manipulate at least one robotic arm 10 cause an end
effector on at feast one laparoscopic tool to surgically interact with tssue while the mid-portion
of the shalt remains positioned in the percutancous passage and the center point and coinciding
remote center of the robotic army, to which the tool s mounted remains located at the virtual
insertion peint on the patent’s abdomen.

12, The method as in claim 11, wherein manually positioning the at least one
robotic arm to locate the center point of the senuicircular mid-portion of the shaft and coineiding
remote center of the robotic arm, to which ihe tool 1s mounted of the at feast one laparoscopic
tool with the virteal insertion point on the patent’s abdomen comprises providing a visual marker
of the location of the center point on the patient’s abdomen,

13, The method as in claim 12, wherein providing the visual marker of the
location of the center point of semi~circular mid-portion of the ool on the patient’s abdomen
comprises coupling an elongated body having a distal marking tip positioned at the center point

10 the shafl.
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14, The method as in claim 12 or 13, wherein providing a visual marker of the
location of the center point on the patient’s abdemen comprises projecting a pair of visible
beams which cross at the center point on the patient’s abdomen,

15, The method as in any one of elaims 11 to 14, wherein rotatably coupling
the straight proximal section of the shaft to the fixed side mount on the robot arm comprises
detachably attaching a rotatable side mount rotatably coupled to the straight proximal section of
the shafl to the fixed side mount on the robol arm.

16, The meihod as in claim 15, wherein the rotatable side nmouni is rotatably
coupled to rotate about at least lwo axes orthogonal to a longiladinal axis of the surgical robotic
arm,

17, The method as in any one of ¢claims 11 to 16, wherein the straight
proximal section of the shaft is rotatably coupled to the fixed side mount on the robot arm such
that the commion axis of the shaft of the laparoscopic tool can be rotated about at least two axes
orthogonal to a longitudinal axis of the surgical robotic arm.

18, The method as in any one of ¢claims 11 to 17, further comprising:

providing a second laparoscopic tool having a semucircular mid-portion with a
center point and conciding remote center of the robotic arm, to which the tool 1s mounted on a
commeon axis located between and contiguous with a straight proximal section and a straight
distal section;

rotatably coupling the straight proximal section of the shaft of the second
laparoscopic tool to a fixed side mount on a second robot arm of the surgical robot such that the
comnen axis of the shaft of the seeond laparoscopic tool can be rotated about at least two axes
orthogonal to a fongitudinal axis of the second surgical robotic anm;

positioning the semicircular mid-portion of the shalt of the second laparoscopic
tool through the percatancous passage;

disengaging the second robotic arm from the surgical robot so ihat the second
robotic arm can be manually positioned;

manvally positioning the second robotic arm to locate the center point of the
senicireular mid-portion of the shaft and coinciding remote center of the robotic arm, to which
the tool is mounted of the second laparoscopic tool with a second remote center on the patient’s
abdomen while the semicircular mid-portion remains positioned through the percutaneous
passage, causing the conumon axis of the second faparoscopie tool to selitrotate and align refative

to the longitudinal axis of the second surgical robotic army;
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re-engaging the second robotiic arm with the surgical robot so that ihe second
robotic arm is manipulated by the surgical robot; and

operating the surgical robot to manipulate the second robotic arm to cause an end
effector on the second laparoscopic tool to surgically interact with tissue while the mid-portion
of the shaft of the second laparoscopic tool remains positioned in the percutancous passage and

the center point remains focated at the second remote center on the patent’s abdomen.

-19-



222222222222

1712

00000000000000000

FIG. 1
(PRIOR ART)



WO 2023/212089 PCT/US2023/020034

2112

130 N 124< s

. f +
r \r_ &
¢ / i
N ‘ ; ¢
¢ A »
’ r ,
LR ¢
L *‘( Fl
,
P S !
‘ ¢ s
E B F;
N ’

>' 1 24 P ‘v}-"‘ F

1 .
°0 ~ 116 N
TN (=N - 154
154 \‘\'\ T e X t,
N Pt N ;f
1/ .
I" * ’{
& 4 L
H i ;

>126

126 <

FIG. 2
(PRIOR ART)



PCT/US2023/020034

WO 2023/212089

3712




WO 2023/212089 PCT/US2023/020034

4712

224
552»212
’ 224
022 ﬁ{w

210
209 222
E
202 % ~
\\
008 228
208
P P~ 206
206’\ -;>216 214 g
i : 214
™~ zi,lf:/_
o216 FIG. 4B FIG. 4C
| 014 ' FIG. 4D
| sxdl




WO 2023/212089 PCT/US2023/020034

FIG. 6



PCT/US2023/020034

WO 2023/212089

6/12
204~ |
204 N | 266
< C D)
. 64 268", ._?J\\z?o
B4 A
268a-" \ .
) ~-270a
.60 80
-« y ,'/-CP
A¥
62 272}
‘:‘1 i \\*
2081
200
206 —
202"
. SO
FIG. 8

FIG. 7



WO 2023/212089

e

252

71712

286

PCT/US2023/020034

FIG. 9



WO 2023/212089 PCT/US2023/020034

8712

o - 282




WO 2023/212089

AB~

284

E/RC

FIG. 10A
(PRIOR ART)

9712

208

PCT/US2023/020034

4
Ve 220 28

FIG. 10B



WO 2023/212089 PCT/US2023/020034

10712

e
AAmARIARS
s
N m AR RARST

FIG. 11A

FIG. 11B



PCT/US2023/020034

WO 2023/212089

11712

dil 9ld

Ol Ol




WO 2023/212089 PCT/US2023/020034

12712

FIG. 11E



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2023/020034

A. CLASSIFICATION OF SUBJECT MATTER

IPC: A61B 1/313, 34/30, 34/20
CPC: A61B 1/313, 34/30, 34/20

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

CPC: A61B 1/313, 34/30, 34/20/IPC: A61B 1/313, 34/30, 34/20

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

US-PGPUB; USPAT; USOCR; FIT, AU, AP, AT, CA, CH,CN, DD, DE, EA, EP, ES, FR, GB, JP, KR, OA, RU, SU, WO, FPRS;
EPO; JPO; DERWENT; IBM_TDB: and, XA, with, laparoscopic, paparoscopic, mcdieunel, TOOL, flexible, near, instrumen
t, biopsy, effector, fiberoptic, scissors, forcepsobtuarator, automat, manipulate, articulate, endoscopic, surgeon, telepresesence,
controller, zeus, hand, grip, clamp, manipulate, surgery, autonomous, hand, abdomen, davinci, arm, link, shaft, arm, AND, align,
second, remote, console, manually, position, tool

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

US 11,596,486 B2 (Rabindran et al.) 07 March 2023 (07.03.2023)
A See entire documents 1-18

US 11,504,192 B2 (Shelton et al.) 22 November 2022 (22.11.2022)
A See entire documents 1-18

US 9,317,651 B2 (Nixon) 19 April 2016 (19.04.2016)
A See entire documents 1-18

Xie et al., Current Status of Single Port Laparoscopic/Robotic Surgeries for Urogenital
Cancers, 2021, IEEE, pg. 1-4 (Year: 2021)

A See entire documents 1-18

Gungor et al.,Single-Port Rbotic Practice, 2018, IEEE, pg. 27-33 (Year: 2018)
A See entire documents 1-18

Further documents are listed in the continuation of Box C. D See patent family annex.

*  Special categories of cited documents: “T” later document published after the international filing date or priority

«A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

«“p” document cited by the applicant in the international application “X” document of particular relevance; the claimed invention cannot be

“B” earlier application or patent but published on or after the international considered novel or cannot be considered to involve an inventive step
filing date when the document is taken alone

«[” document which may throw doubts on priority claim(s) or which is “Y” document of particular relevance; the claimed invention cannot be
cited to establish the publication date of another citation or other considered to involve an inventive step when the document is
special reason (as specified) combined with one or more other such documents, such combination

“0Q” document referring to an oral disclosure, use, exhibition or other being obvious to a person skilled in the art
means “&” document member of the same patent family

“p” document published prior to the international filing date but later than
the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
30 May 2023 (30.05.2023) 31 May 2023 (31.05.2023)
Name and mailing address of the [SA/US Authorized officer
Commissioner for Patents
Mail Stop PCT, Attn: ISA/US KIM
P.O. Box 1450 HARRY C.
Alexandria, VA 22313-1450, United States of America
Facsimile No. (571)273-8300 Telephone No. 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2022)



INTERNATIONAL SEARCH REPORT International application No.

PCT/US2023/020034

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Arnold, Single Port Robotic Surgery, 2021, IEEE, pg. 1-23 (Year: 2021)

A See entire documents 1-18
Kaouk et al., Single-Port Laparoscopic and Robotic Partial Nephrectomy, 2009, IEEE, pg.
1163-1170 (Year: 2009)

A See entire documents 1-18
Abbott et al., Design of an endoluminal NOTES robotic system, 2007, IEEE, pg. 410-416
(Year: 2007)

A See entire documents 1-18
Anderson et al., Comparing a Mechanical Analogue With the Da Vinci User Interface:
Suturing at Challenging Angles, 2016, IEEE, pg. 1060-1065 (Year: 2016)

A See entire documents 1-18
Piccigallo et al., Design of a Novel Bimanual Robotic System for Single-Port Laparoscopy,
2010, IEEE, pg. 871-878 (Year: 2010)

A See entire documents 1-18
Noonan et al., An articulated universal joint based flexible access robot for minimally invasive
surgery, 2011, IEEE, pg. 1147-1152 (Year: 2011)

A See entire documents 1-18

Form PCT/ISA/210 (second sheet) (July 2022)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - wo-search-report
	Page 35 - wo-search-report

