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(57) Abstract: An actuator for controlling a compressive force of a detachable laparoscopic grasper head. The actuator mncludes a
handle unit comprising a movable lever, an outer tube member proximally connected to the handle unit and, when 1 use, distally
rasper head, a transmission member which comprises at least partially an elastic por -
tion. The transmission member 1s axially arranged inside said outer tube member. The transmission member 1s proximally connected
to the movable lever and, when 1 use, distally connected to a second member of the detachable grasper head. The transmission
member 1s configured to transfer a lever force applied when moving the movable lever for actuating a compressive force by the
grasping head depending on the lever force.
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Title: LAPAROSCOPIC GRASPERS

FIELD AND BACKGROUND OF THE INVENTION

The present mvention, m some embodmments thereof, relates to laparoscopic

mstruments and m particular to 1sSometric laparoscopic graspers.
Surgical graspers are used for holdmg and manipulatmg bodily tissues during

surgical procedures. Laparoscopic mstruments, such as laparoscopic graspers, are

frequently used m surgeries performed m abdommal cavity and are deployed through

small punctures or mcisions made m abdommal wall. In recent years, micro-

laparoscopic  surgical mstruments were mtroduced that are characterized by
significantly thinner shaft, connected to a surgical head, usually 3 mm or less m
diameter. Special types of micro-laparoscopic mstruments mclude mterchangeable
surgical heads that are detachably connectable to the thin shafts, optionally connected
n the abdommal cavity and/or after shaft percutancous mtroduction thereto. Mam
advantage m using mterchangeable surgical heads lies m the possibility to use regular
or mcreased sized heads which are more robust for surgical use but are substantially
greater m diameter than the thin shaft. Such larger surgical heads are mtroducible to
the abdommal cavity via regular sized laparoscopic ports (preferably a single port)
and/or natural orifices and endoluminal passages.

Nevertheless, when using regular or large sized grasper head with a thn
manipulator shaft thought has to be made to lessen any compromise m effectively
delivermg force from the handle to the head (to operate the grasper jaws to grasp with

a chosen magmtude). Force 18 commonly dehvered from an actuator (a lever or a

handle m case of a manually operated grasper, or a motor m case of a machine or
robotic operated grasper) through the shaft by relative displacement of the shaft

members, usually an mner rod and an outer sheath capable of axially shdng m a

range of relative positions. The mner rod and outer sheath are commonly connected

distinctly to different members of the grasper head such that by relative axial
displacement therebetween, the jaws will shift accordingly away or towards ecach

other. Since that mner rod and outer sheath are mmmized m cross section m affects
design constramts on the ability to transfer large magmtude forces thercthrough, as
well as the ability to control the force m high accuracy.
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Another consideration relates to grasper utihization at assembly. In order that

the grasper wil be effectively functional, the relative jaws juxtaposition should be
fixedly correlated with relative axial positionng of the mner-rod/outer-sheath

combmation. These and other considerations are answered herematter.

SUMMARY OF THE INVENTION

Accordingly, embodmments of the present mvention preferably seek to mitigate

alleviate or chmmate onc or more deficiencies, disadvantages or issues m the art, such

as the above-identificd, smgly or m any combmation by providing devices and
methods according to the appended patent clamms.

Accordng to a first aspect, an actuator 18 provided for controling a
compressive force of a detachable laparoscopic grasper head. The actuator mcludes a
handle unt comprismg a movable lever. The actuator also mcludes an outer tube
member proxmmally connected to the handle unt and, when m use, distally connected
to a first member of a detachable grasper head. In some embodmments, the actuator
mncludes a transmission member which comprises at least partially an elastic portion.
The transmission member 18 optionally axially arranged mside the outer tube member.
In some such embodiments, the transmussion member 1s proxmmally connected to the
movable lever and, when m wuse, distally connected to a second member of the
detachable grasper head. Optionally, the transmission member 18 configured to
transfer a lever force appled when moving the movable lever for actuating a
compressive force by the graspmg head depending on the lever force.

In some embodiments the elastic portion is axial stretchable and/or compressible.
In some embodmments the eclastic portion is the entre length of the transmission

member.

In some embodmments the elastic portion mcludes variable clasticity along its length.
In some embodmments the elastic portion 1s an clastic transition portion
mterconnecting two substantially non-clastic parts of the transmission member.

In some embodments the c¢lastic transition portion 18 an extension spring having a

free length and a maximal preset length when extended.

In some ecmbodiments the extension spring is configured to stretch substantially

proportionally to a spring constant above a threshold extension force apphed thereto.
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In some¢ embodmments the extension spring 15 substantially rigid or non-clastic along

its entire length below the threshold.

In some embodiments the clastic section 18 axially stretchable and/or compressible

after a threshold extension force 1s apphed to the clastic section.

In some embodiments the eclastic section is substantially axially rigid or non-elastic
below the threshold extension force.

In some embodmments the dependence of said compressive force on the lever force 1s

substantially proportionally lnear and having a first mchnation, at least up to a
predefined threshold.

In some embodments the dependence has a second mclnation when the threshold 1s
exceeded, bemg substantially less steep than the first mclnation.

In some embodments the dependence at said second mclnation is substantially
proportional to an clongation of said elastic portion.

According to a second aspect, a method 18 provided for controling a
compressive force of a detachable grasping head attached to a manmpulating shaft. The
method mcludes providing a transmission member which comprises at least partially
an clastic portion, axially mside an outer tube member, and proxmmally connected to a
movable lever and distally connected to a second member of the detachable grasper

head. Via the transmission member a lever force 1s transferred by moving the movable
lever, thus actuatmg the graspmg head with a compressive force, which 15 depending

on the transterred lever force.

Some embodimments mcludes, stretching and/or compressmng the clastic portion when a

predetermme threshold force 1s exceeded and apphed thereto.

Some embodments mcludes, an appled lever force providing a compressive force

depending on said stretching and/or compressing of the elastic portion.
Some embodimments mcludes, converting the isometric force to a proportional 1sotonic

force after applymg the threshold force to the elastic portion.

Some embodiments includes, convertng the isometric force to a proportional

regulated force after applymg the threshold force to the elastic portion.

In a further aspect of the disclosure, an actuator i1s provided for sctting a
chosen relative positionmg between movable members thercof, to corresponding

movable members of a detachably connected laparoscopic grasper head, thereby
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A
definmg chosen characteristics for controlling a compressive force by the detachable

laparoscopic grasper head. The actuator mcludes a handle unit comprismg at least one

movable lever and a positioning means connected thereto. The actuator further

mcludes a manipulator shaft which mncludes an outer tube member 18 connected at 1its

proximal end to the handle unit and comprises a first connector at its distal end for

connecting a first member of the detachable grasper head. The manipulator shaft also
mncludes a shdable transmission member, which may mclude a shdable rod, axially
arranged m a lumen of the outer tube member and connected at a proximal end to the
movable lever. The shdable transmission member mcludes a second connector at its

distal end for connectng a second member of the detachable grasper head. An apphed

force to the movable lever will move the first connector and the second connector
relative each other. The positionng means 1s configured to allow mmmediate and/or
automatic posttioning the movable lever m a predetermmed position, optionally
mposing a chosen distance between the first connector and the second connector
absence of an actuatmg action on the handle.

In some advantageous outcomes accordmg to this disclosure, the connectors
will be positioned m chosen relation to cach other, such that a surgical head 1s
correctly connected and/or detached thereto m a way that facilitates its proper and/or
most efhicient utihzation. The positionng of the movable lever by the positioning
means may take place automatically when no force 18 applied to the movable lever by
the practitioner or operator, for example if the positionng means mcludes a spring
clement.

Optionally, additionally or alternatively, means are provided i the actuator to
immprove force and/or haptic feedback. Optionally, such means increases the resistance

mn the movement of the movable lever m proportion to the lever distance from

predetermmed position as set by the positionng means. In some embodiments, the
same positionng means may also be used for mproving force and/or haptic feedback

to the operator. The operator will thereby be aware that compression forces are

applied by the grasper head. This will help the operator from over grasping and not

apply excessive compression forces on the tissue bemg compressed by the grasping
head.

The posttionng mecans may be an active positionng means and as such may

include at least onec of a piston or a spring. The positioning means may alternatively
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be a passive positioning means and as such may mclude at least one of a stopper or a

metermng clement.
In some embodiments the detachable grasper head 18 detachably connected such that
opposing jaws thercof meet at a mmimal distance mposed by the movable lever.

In some embodments the movable lever, at and/or over the predetermmed

position, 18 adapted to transfer a variable force applied thercto as a compression force
exercisable by the opposmng jaws to a bodily tissue.

In some embodments the positioning means 18 a spring clement and/or a coiled spring

and/or a piston and/or a stopper.

In some embodmments the positioning means provides a resist m a movement of the

movable lever by extending and/or compressing the positioning clement.

In some embodmments the manipulator shaft mcludes a distal penetrating portion
ending with a sharp distal tip capable of percutancous msertion through bodily tissue
layers.

In some embodments the detachable grasper head 18 adapted to connect

simultancously to the first connector and the second connector at the predetermmed
distance.

In some embodmments the movable lever i1s adapted to move over a center pomt
thereof when forced over the predetermmed position

According to a further aspect, a method 18 provided for controling a
compressive force of a detachable laparoscopic grasper head. The method mcludes
providng a handle umt connected at a proximal end of a manipulator shaft. The

handle unit mcludes at least onc movable lever and a positionng means connected

thereto. By applymg a force to said movable lever a first and second connector at the

distal end of the manipulator shaft will move relative each other to obtan a distance
therebetween. The method further mcludes positionmg the movable lever by the

positionng means to a predetermmed position. Thereby mposmg the distance to a

predetermmed distance between the first connector and the second connector m

absence of an actuatmg action on the handle.

Some embodments includes, usmg the positionng means to hinder the movable lever

moving to a position where the distance 18 smaller than the predetermmed distance,

when applying a force thereto.
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Some embodiments mcludes, allowmng the movable lever moving to a position where

the distance 18 smaller than the predetermmed distance, when applying a force thereto.
Some embodments mcludes, usmg the positioning means to resist lever movement
when moving the movable lever from the predetermmned distance to a smaller
distance.

Some embodments mcludes,, usmg the positionng means to resist lever movement
when moving the movable lever.

According to an aspect of some embodments of the present mvention there 1S
provided a laparoscopic mstrument, such as a grasper, for controllably manipulatmg a
bodily tissue. In some embodmments, the laparoscopic grasper mcludes a handle
comprismg at least one positionable lever, such as a movable lever,, In some
cmbodiments, the laparoscopic grasper comprises a mampulator shaft connected at its
proximal end to the handle and comprising a first connector movable relatively to the
handle per lever positions. In some embodimments, the laparoscopic grasper comprises a
head (e.g., a surgical head) comprismg opposing jaws detachably connected to the first
connector, wherem the opposing jaws are adapted to meet at a mmmal distance
mposed by a chosen lever position. In some embodiments, the lever, at and/or over
the chosen position, i1s adapted to transfer a variable force apphed thereto as a
compression force exercisable by the opposmg jaws to a bodily tissue when disposed
therebetween.

In some¢ embodments, the mampulator shaft mcludes a second connector, and
the first connector 18 movable relatively to the second connector. In some
embodimments, the mampulator shaft mcludes shdable concentric shafts. In some
embodmments, the manipulator shaft mcludes a distal penetrating portion ending with
a sharp distal tip capable of percutancous msertion through bodily tissue layers. In
some cmbodiments, the distal penctratng portion 18 equal or less than 3 mm m
diameter.

In some embodments, the head 15 adapted to connect to the connectors at a
predetermmed lever position. In some embodiments, the head i1s adapted to connect
simultancously to the first and second connectors at a predetermmed distance between
the first and second connectors.

In some embodiments, the lever 1s adapted to move over its center pomnt when

forced over the chosen position.

10

15

20

25

30



CA 02841182 2014-01-08
WO 2013/007764

7
In some embodments, the laparoscopic grasper further comprises resistive

mecans to the relative motions of the manmpulator shaft, thereby facilitatmg or
mmproving force feedback during manual operation.

According to another aspect of some embodmments of the present mvention
there 15 provided an actuator for actuating an mterchangeable surgical head, the
actuator comprising:

a handle comprising a positionable lever, such as a movable lever;

a manipulator shaft, comprising:

a sheath having a length, a proximal end connected to the handle, a
distal end comprising a first connector, and a lumen prowvided therebetween; and

an mner rod shdably movable m the lumen per the lever positions and
comprising a second connector at a distal end thereof;

a lever posttioning means adapted to position the lever m a chosen position
thereby mmposing a chosen distance between the first and second connectors;

wheren the mterchangeable surgical head 1s connectable to the first and
second connectors at the chosen distance.

Unless otherwise defined, all technical and/or scientific terms used herem
have the same meaning as commonly understood by one of ordmary skill m the art to
which the mvention pertams. Although methods and materals smular or equivalent
to those described herem can be used m the practice or testing of embodiments of the
mvention, exemplary methods and/or materials are described below. In case of
conflict, the patent specification, mcluding defimtions, will control. In addition, the

materials, methods, and examples are illustrative only and are not mtended to be

necessarlly hmiting.

BRIEF DESCRIPTION OF THE DRAWINGS
Some embodmments of the mvention are herem described, by way of example

only, with reference to the accompanymng drawmgs. With specific reference now to
the drawmgs m detail, 1t 15 stressed that the particulars shown are by way of example

and for purposes of illustrative discussion of embodmments of the mvention. In this
regard, the description taken with the drawmngs makes apparent to those skilled m the

art how embodments of the mvention may be practiced.

In the drawimngs:
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Fig. 1 schematically illustrates a laparoscopic grasper comprising a detachable

oraspmg head, m accordance embodiments of the present mvention;
Figs. 2A-C schematically illustrate side cut wviews demonstrating exemplary
operational modes of an exemplary 1sometric laparoscopic grasper, m accordance with

cmbodiments of the present mvention;

Figs. 3A-D illustrate wviews of exemplary manipulator shaft of an
mterchangeable surgical head actuator, m accordance with embodments of the present
mvention;

Figs. 4A-D schematically illustrate side cut views of different graspmng jaws, m
accordance with some embodmments of the present mvention;

Figs S5A-C schematically 1illustrate different positions of an exemplary
laparoscopic grasper comprising a graspmg force controller, m accordance with some
embodiments of the present mvention; and

Fig. 6 18 a schematic graph showmg changes of compression forces apphed to a

grasped tissue m relation to proxmmity between lever and handle of the exemplary
laparoscopic grasper m Figs. 5A-C, m accordance with some cmbodiments of the

present mvention.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION
Unless defined otherwise, all technical and scientific terms used herem have
the same meanings as commonly understood by one of ordmary skill m the art to

which the mvention pertams. The embodiments of the mvention and the various

features and advantageous details thercof are explamed more fully with reference to

the non-lmitng embodiments and examples that are described and/or illustrated m the

accompanymng drawmgs and detalled m the followmg description. It should be noted
that the features illustrated m the drawmgs are not necessarily drawn to scale, and

features of onec embodmment may be employed with other embodmments as the skilled

artisan would recognize, even 1if not explicitly stated herem. Descriptions of well-

known components and processmg techmques may be omitted so as to not

unnecessarlly obscure the embodmments of the mvention. The examples used herem

arc mtended merely to facilitate an understandng of ways m which the mvention may
be practiced and to further enable those of skill m the art to practice the embodiments
of the mvention. Accordingly, the examples and embodiments herein should not be
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construed as hmitmg the scope of the mvention, which i1s defined solely by the

appended clams and apphcable law.  Morecover, 1t i1s noted that hke reference
numerals reference smular parts throughout the several views of the drawmngs.
The followmg preferred embodiments may be described m the context of

exemplary laparoscopic surgical procedures for ease of description and understanding. 5

However, the mvention i1s not hmited to the specifically described devices and
methods, and may be adapted to various chnical apphcations without departing from
the overall scope of the mvention. For example, devices and related methods mcluding
concepts described herem may be used for other medical mterventions such as but not
mited to: NOTES mterventions, endolummal mterventions, GI surgeries, heart 10
surgerics and general mmimally mvasive procedures.

The present mvention, m some embodiments thercof, relates to a laparoscopic
mstrument, such as a laparoscopically mtroduced grasper, mcorporating sclective and
controllable compression abilitics. The present mvention, m some cmbodiments

thereof, also relates to means to allow mproved manipulation as well as transferability 15

of forces and moments to the grasped tissue usmg a laparoscopic mstrument that is
characterized by a regular sized mterchangeable head detachably connected to a thin
shaft.

In some embodments of the present mvention, the laparoscopic mstrument
mcludes a surgical end-effector, such as a grasper head, that 18 detachably connectable 20
as an mterchangeable part to a manipulator shaft, manually or otherwise operable,
such as by usmg a dedicated handle. The manipulator shaft may be a micro-
laparoscopic needle type mtroducer characterized by a distal mtrusive portion having a
maximmal diameter of 3 mm or less, although the present mvention applies as well to
larger laparoscopic manipulator shafts mcluding maximal diameters of 5 mm or more, 25
or any other higher or mtermediate size.

In some embodments, the grasper head of the present mvention may be
considered as “surgical phers” m the sense that 1t allows transferability of substantial
compressive  forces m-between the graspmg jaws even at or after full contact.

Optionally, such compressive forces may be hmited or altered usmg means provided 30

mn the grasper head and/or the manipulation shaft. In some embodments, a lever, such
as a movable lever, may be used to shift the jaws closer or away, and once 1 contact,

to create or ftransfer compressive forces m a selective, a contmuous and/or a
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controllable manner. In an exemplary manually operable design, the lever 18 placed m

the handle unt. In some embodiments, the actuator, such as a laparoscopic grasper

opcrator, may mnclude resistive means which resist manual actuation, at least over a

predefined magnitude, thereby mprove control and accuracy of the manual

manipulation. Optionally, the lever arrangement creates a mechanmcal advantage, 5

allowmg the force of the hand's grip to be amplificd and/or focused on an object with
precision. The possibiity of creatng a contmuous controllable and/or amplified

graspmg force may be referred to a laparoscopic grasper that 15 defmed as “isometric”,

mn the sense that the variable graspmg force 18 appled with no change m the relative
distance and/or position of the two grasper jaws. Nevertheless, the actuating lever may 10
be allowed to contmue 1its travel when the jaws are m contact, while the hand’s grip
apphed force mncreases.

In some embodmments, the mterchangeable graspmg head 18 connectable to a
connector positioned at a distal portion of the manipulator shaft. The manipulator shaft
may include two concentric longitudmnal clements that are shdable one with the other 15
along ther lengths. Such mechamsm may mclude an mner rod, such as a transmission
member or a shdable transmission member, positioned and shdable m a lumen of an
outer sheath, such as an outer tube member. At least one of the mner rod and the

sheath mcludes connecting means to the mterchangeable head or to any subcomponent

thercof. In an exemplary embodiment, the mner rod includes a first distal connector 20

and the sheath mcludes a second distal connector, and the first and second connectors
are connectable to different subcomponents of the mterchangeable head, m such a way

that any relative motion between the two connectors will cause a change to the

mterchangeable head form, as m the relative position of the graspmg jaws thercof. In

some embodiments, a lever position, at least along a part of a full travel thercof, will 25

determme the jaws relative position.
In some embodiments, the graspmg head is provided to be readily connectable

to the manmpulator shaft at a specific relative position between the opposing jaws,

optionally when the jaws are m contact. In some embodiments, proper functionality of

the graspmg head 1s applicable when the first and second connectors of the 30

manmpulator shaft are positioned m a certam distance onc to the other at the time of
connection to the grasper head. In some embodiments, such a certamn distance is set by

a certam lever position, optionally a chosen and/or a predetermmed position. In some
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embodiments, lever positionng means, such as a spring clement or a stopper, 1S used

to mamtamn the movable lever at a chosen position such as the one needed for the

proper connectivity with the grasper head. Alternatively and/or additionally, the lever

positioning means may m some examples be a resisting means.

An aspect of some cmbodiments of the present mvention relates to a
laparoscopic grasper for controllably manipulating a bodily tissue, comprising:

(1) a handle umt comprismg at least onc positionable lever, such as a
movable lever;

(2) a manipulator shaft connected at its proximal end to the handle umt
and comprismg a first connector movable relatively to the handle unit, per the
movable lever positions; and

(3) a head comprismg opposmg jaws detachably connected to said first
connector, wherem said opposmg jaws are adapted to meet at a mmmal distance
mposed by a chosen lever position.

In some embodmments, the lever, at and/or over the chosen position, 18 adapted
to transfer a variable force apphed thercto as a compression force exercisable by the
opposing jaws to a bodily tissue when disposed therebetween.

In some embodments, the manipulator shaft comprismg a second connector
and the first connector 18 movable relatively to the second connector. In some
ecmbodments, the mampulator shaft comprises shdable concentric shafts.

In some embodmments, the manmpulator shaft comprises a sheath, such as an
outer tube member, having a length, a proximal end connected to the handle, a distal
end comprismg a first connector, and a lumen provided therebetween. In some
ecmbodiments, the manipulator shaft further mcludes an mner rod, such as a
transmission member or a shdable transmission member, shdably movable m the
sheath lumen per the lever positions and comprising a second connector at a distal end
thereof.

In some¢ embodiments, the manipulator shaft mcludes a distal penctratng
portion ending with a sharp distal tip capable of percutancous msertion through bodily

tissue layers. Optionally, the distal penetratmg portion is equal or less than 3 mm m

diameter.

5

10

15

20

25

30



CA 02841182 2014-01-08
WO 2013/007764

12
In some embodiments, the grasper head 1s adapted to connect to a connector at

a predetermmed lever position and/or to connect smultancously to the first and

second connectors at a predetermined distance between them.

Another aspect of some embodiments of the present mvention relates to an
actuator for actuating an mterchangeable surgical head, such as a grasper head, which
comprises a lever positioning means adapted to position the movable lever m a chosen
position thereby mposing a chosen distance between the first and second connectors.

In some embodiments, the lever i1s adapted to move over its center pomnt when

forced over said chosen position.

Referrmg now to the drawmgs, Fig. 1 schematically illustrates a laparoscopic
orasper 100 comprismg a detachable graspmg head 110, m accordance embodmments
of the present mvention. Graspmg head 110 1s detachably connectable to manipulator
shaft 120 which is readily connected at its proximal end to a handle 130. In some
cmbodments, manipulator shaft 120 15 substantially thmner than graspmng head 110
and may be equal or less than 3 mm m diameter, optionally equal or less than 2 mm,
optionally approxmmately 1.5 mm. In some embodmments, handle 130 mcludes
actuating means, such as a lever, that may transfer or create a variable graspmg force
m graspmg head 110 wvia manipulator shaft 120, optionally a variable compression
force that 1s fully controllable by the surgeon.

Reference 18 now made to Figs. 2A-C which schematically illustrate side cut
views demonstrating exemplary operational modes of an exemplary 1sometric
laparoscopic grasper 1000, m accordance with embodmments of the present mvention.
Grasper 1000 mcludes a grasper head 1100, a mampulator shaft 1200 and a manually
operable handle unit 1300. Grasping head 1100 mcludes two opposmng jaws, an upper
jaw 1110A and a lower jaw 1110B, mterconnected as an exemplary embodiment as a
4-bar Inkage mechanism, comprismg a pluraity of hinges or pms mcludng a static
hnge 1112 and an axually movable hmge 1114, and 15 at least partially housed m
housmg 1120. Accordmngly, a relative distance and/or angle between the opposing
jaws will be determmed by the distance between movable hinge 1114 and static hinge

1112. In this particular example, a distancmg of movable hinge 1114 from static hinge
1112 will brmg jaws 1110A and 1110B closer (and vice versa), until a final (chosen,

predetermmed and/or preset accordng to manufacturer or user) distance 18 met m

which the jaws arec m direct contact by ther mner surfaces at least partly along ther
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length. In some embodmments, this direct contact blocks any further mward movement

of the jaws. In some embodiments, grasper head 1100 and all subcomponents thercof

arc designed and configured to apply and mamtamn substantial compressive forces
applicable by jaws 1110A and 1110B m-between, with or without an object (e.g., a

bodily tissue) grasped therebetween. In some embodiments, compressive forces may 5

optionally be equal to or above 0.5 N, optionally equal to or above 1 N, optionally
equal to or above 5 N, optionally equal to or above 10 N, optionally equal to or above

50 N. Optionally, maximal compressive forces are kept below 30 N, optionally below
5 N, optionally between 0.1 to 2.5 N. In some embodiments, the allowed compressive

pressure to a grasped tissue 18 1 kPa, optionally 500 Pa, optionally 250 Pa. 10
Grasper head 1100 i1s detachably connected to manipulator shaft 1200 via a

first connector 1212 located at a distal end of an mner rod, such as a transmission
member or a shdable transmission member, 1210 and a second connector 1222 located
at a distal end of a sheath, such as an outer tube member, 1220. Comnectors 1212
and/or 1222 may mclude any type of connection means known to art, mcluding 15
bolting, threading, snap-locking, graspmg and others. Optionally, both connectors
1212 and 1222 mclude threcaded male components that can be threaded m

correspondmng threaded female components m grasper head 1100. In some
cmbodments, connector 1212 is drectly lnked with movable hmnge 1114 and
connector 1222 18 directly hnked with static hmge 1112, therefore any relative motion 20
between the connectors will mfluence the distance between the hinges. In some
embodments, mner rod 1210 18 movable with relation to sheath 1220 m at least one
axis, and m this particular example, mner rod 1210 can freely shde along the
longitudmnal axis of sheath 1220 lumen. Such shding repositions relative distance of
connectors 1212 and 1222 thereby mfluences jaws 1110A and 1110B distance and/or 25
angle, and/or mfluences magnitude of compressive forces appled by the jaws once
they are m contact.

Manipulator shaft 1200 1s connected at its proxmmal end to handle umt 1300 m
a configuration that allows subcomponents of handle unt 1300 to be used for
operating grasper head 1100 via manipulator shaft 1200. In some embodiments, handle 30
umt mcludes a static element and a moving clement, such as a movable lever, or two
moving clements, so that a relative repositionng between them will alter the distance

between connectors 1212 and 1222. In this exemplary embodment, handle umt 1300
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mcludes a static handle 1320 hingedly connected to a movable lever 1310. In this

particular example, handle 1320 1s dwectly inked with a proxmmal end 1214 of mner

rod 1210 and lever 1310 1s drectly Inked with a proxmmal end 1224 of sheath 1220.
Alternatively, as m many known devices, handle 1320 15 drectly lnked with a

proximal end 1224 of sheath 1220 and lever 1310 1s dwectly nked with a proximal

end 1214 of mner rod 1210. In some embodments, lever 1310 operates grasper head
1100 according to its position or distance to handle 1320, and m this particular

cxample, a manual extension of lever 1310 away from handle 1320 will cause sheath

1220 to be pulled proxmally, thereby mcreasmg the distance between connectors

1212 and 1222 thus openmng jaws 1110A and 1110B, whercas a manually gripping of

lever 1310 will cause the opposite reaction. Fig. 2A shows handle unt 1300 at
maxmmal lever extension, referred to as distance Y1, m which movable hinge 1114 1s
at maxmmal distance X1 from proxmal end of housmg 1120 and jaws 1110A and
1110B are fully opened. Fig. 2B shows handle umt 1300 at a nommal, chosen and/or
pre-set distance Y2 m which movable hinge 1114 i1s at mmimal distance X2 from
proximal end of housmng 1120 and jaws 1110A and 1110B are fully closed.

In some embodiments, further manual gripping of lever 1310 at distance Y2
will mncrease the tension between mner rod 1210 and movable connector 1114 thereby
causing jaws 1110A and 1110B to be forced one towards the other m a way that builds
compression forces 1sometrically. Such isometric  compression may be continuously
controlled by the operator according to his hand’s grip control. Fig. 2B shows a first
handle unit 1300 design m which lever 1310 does not move closer under distance Y2

under mcreasmg manual grippmg. Fig. 2C shows a second design on handle unit 1300

where lever 1310 18 allowed to move under manual grippmg, for example up to a

mmmal distance Y3. In some embodiments, resisting means such as piston 1330 are

provided m handle umt 1300 to resist lever movement between distance Y2 and Y3 for
mtroducmg or mproving a force/haptic feedback to the operator. Additionally and/or

alternatively the resisting mean may be positionng means. In such a way, the surgeon

will be aware that compression forces are apphed by grasper head 1100 and/or that the

mncreasmng  resistance m - correspondence to his  mcreasmg  apphed graspmg  will

improve control and accuratencss of the surgeon’s operation. In some embodiments,
the resistng means are provided as a spring clement (¢.g., a coied spring) provided

between mner rod 1210 and sheath 1220 (not shown), such as for example if provided
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around mner rod 1210 and connected n one end to mner rod 1210 and at its other end

to sheath 1220. In some embodmments, relative motion between mner rod 1210 and
sheath 1220, optionally above a predetermmed force, will compress or extend the
spring thercby increase manual sensitivity, manipulation accuracy and/or force

feedback to the surgeon. In some embodmments, such feedback will take effect, or be

mostly effective, only after jaws 1110A and 1110B are m contact.
Referrmg to the 1ssue of comnectivity between grasper head 1100 and
manmpulator shaft 1200, 1t should be noted that, at least m some designs related to the

present mvention, lever 1310 position at connection will affect graspmg effectiveness

and/or connection quality. As the distance between connectors 1212 and 1222 dwrectly
relates to the positions and displacement of jaws 1110A and 1110B, attention should

be made to such variables m the mstance of connection between grasper head 1100
and mampulator shaft 1200. This factor is especually mportant m scenarios where
connection 18 made withm patient’s body (¢.g., m the abdommal cavity) and/or when
head grasper 1100 18 held by dehvery and/or encapsulating means (not shown) which
allow certam formation of the jaws. In some embodmments, jaws 1110A and 1110B
arc kept closed (ie., m contact along ther mner surfaces) when grasper head 1100 1s
dehvered and connected to manipulator shaft 1200, so that connectors 1212 and 1222
arc positioned m advance m a certam distance which corresponds to the distance
between hnges 1112 and 1114. In some embodiments, means are provided m handle
unit 1300 to position lever 1310 at nommal distance Y2, at least when no substantial
external forces are apphed thereto, so that manipulator shaft 1200 will be ready for
connection with grasper head 1100 when movable hnge 1114 1s at mummmal distance
X2. In some embodmments, piston 1330 acts ke a compression spring and/or mcludes

or 18 provided with a spring (not shown) or other means to reposition lever 1310 at

distance Y2 from any other position m the range between Y1 and Y3.
Reference 18 now made to Figs. 3A-D which illustrate views of exemplary

manipulator shaft 2000 of an mterchangeable surgical head actuator, m accordance

with embodments of the present mvention. Manpulator shaft 2000 mcludes a

longitudmal sheath 2200 that 18 connected at its proximal end to nut-like connector
2300 which can be threaded over corresponding male thread of a handle unit (not

shown). Manipulator shaft 2000 may be considered a micro-laparoscopy mstrument

10

15

20

25

30



CA 02841182 2014-01-08
WO 2013/007764 PCT/EP2012/063618

16
with sheath 2200 having an outer diameter of 3 mm or less, and preferably 2 mm or

less. Sheath 2200 may have a length of 50 cm or less, optionally not less than 20 cm.
An mner rod, such as a transmission member or a shdable transmission
member, 2100 15 m sheath, such as an outer tube member, 2200 lumen extending

across 1ts length and projecting out through its distal openng. In some embodmments, 5

mner rod 2100 mcludes a sharp end 2110 so that manipulator shaft 2000 can be used
to puncture mto the patient’s skm and penetrate through the dermal layers until
recachng the abdommal cavity. Alternatively, mner rod 2100 may have a blunt tip m
order to avoid harm to mternal organs before connecting with a surgical head, so that
auxihiary means are used m common practice to prepare a channel for manipulator 10
shaft 2000 mtroduction and deployment. Inner rod 2100 is shdably movable m sheath
2200 m order to operate a surgical head connected thereto. Such a connection with a
surgical head 18 made by its smmultancous screwmg to a needle threading 2120 and
sheath threadng 2130 that are located concentrically and distant at a specific chosen

distance. 15

As described above, m order that a grasper can function properly, the grasping
head has to be assembled to the manipulator shaft such that a relative juxtaposition
between the jaws of the grasper hecad will be fixedly correlated to relative axial
positionmg of mner rod and outer sheath of the manipulator shaft, at the mstance of

the assembly. 20

Figs. 3B-D show enlarged views of a distal portion of mampulator shaft 2000,
at three possible positions 2100A, 2100B and 2100C of mner rod 2100 with respect to

sheath 2200. Fig. 3C shows an exemplary nommal position 2100B that i1s requested for

a proper connection with a surgical head. In some embodments, a grasper head

according to the present mvention 18 correctly connected to manipulator shaft 2000 at 25

the nommal position 2100B shown m Fig. 3C having its jaws m full contact or
partially open. In Fig. 3B, posttion 2100A i1s shown m which mner rod 2100 18

withdrawn thereby causing a change m formation and/or actuation of a surgical head if

mn contact, optionally forcmg jaws to optionally move one towards the other. In Fig

3D, postion 2100C 18 shown m which mner rod 2100 is further advanced distally 30

thereby forcmng jaws m a connected grasper head to optionally open. As previously
described, m certam grasper heads designs, withdrawmg mner rod 2100 will cause

grasper jaws closmg, and m other designs it may cause jaws openmg, and vice versa.
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Special attention should be made also to the design of grasper head m order to

facihitate effective 1sometric grasping or “phers” functionality, mcluding the design of
the jaws. Reference 18 now made to Figs. 4A-D which schematically illustrate side cut
views of different graspmg jaws, m accordance with some embodments of the
present mvention. Fig. 4A illustrates exemplary jaws 3000A having tecthed mner
surfaces which can be useful for mproving graspmg and avoiding shppmg especially
of thm and/or smooth tissucs. Fig. 4B 1illustrates exemplary “phers” or “pmncers” types
jaws 3000B which allow compressive graspmg of tissues at a distal portion while
other portions of the grasped tissue are kept un compressed. Fig. 4C 1illustrates an
exemplary jaws set 3000C which mclude cushioning means 3100 (optionally made of

sihicon rubber) to avoid harm to dehcate tissues especially durmg compression and
allow a more gradual compression thereto. Fig 4D illustrates yet another type of jaws
set 3000D comprising cutting means 3200 which can be useful for selectively cutting
portions of a grasped tissue, smularly to the use of regular “phers”™.

As previously mentioned, once jaws are m direct contact or prevented from
further approxmation (¢.g., by having a grasped object (c.g., tissue) compressed
therebetween until developmg a resistive force equal to the mtially apphed jaws-
closmg force), then by further mmcreasing the manual squeezng force applied to the
handle/lever, a proportional 1sometric force will develop. In cases of high manual
forces, for example 1 kg or more, or m cases of very high manual forces, for example
5 kg or more, the apphed isometric forces may harm the grasped tissue (e.g., bemg
further compressed m a way that may wrecoverably deteriorate 1t) and/or to parts of
the laparoscopic grasper (€.g., members or other parts that transfer the force from the
handle/lever through the graspmg head and to the tissue).

In some embodments, a laparoscopic grasper mcludes means to control at

lcast some aspects of the apphed 1sometric force m a way that dimmishes or prevents
such harm. Optionally, such means hmit the 1sometric force to a predetermmed

maximal force. Optionally, alternatively or additionally, such means decrease the

isometric force to a smaller actual graspmg force with a predetermmed ratio, which

may be constant or variable according to the force. Optionally, alternatively or

additionally, such means may be set to replace a ngd transmission of the apphed
force to the graspmg head to an clastic transmussion, optionally over a predetermmed

value, therefore changing the sometric force to an isotonic force type (1.e., m which
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tension 1S constant while length changes) or to a regulated force type (1e., m which

tension changed while length changes m a predetermmed ratio, different than the
isometric ratio, and optionally up to a final predetermmed value when maximal length
1s reached).

Reference 18 made to Figs S5A-C which schematically illustrate different
positions of an exemplary laparoscopic grasper 4000 comprising a graspmg force
controller m the form of an eclastic portion, such as an extension spring, 4230, m

accordance with some embodments of the present mvention. Grasper 4000 mcludes a

handle unt 4100, a grasper head 4300 and an clongated manipulator shaft 4200

mterconnectng them and allowed transmission of power and motion from handle unit
4100 to grasper head 4300. Optionally, grasper head 4300 1s detachably connectable
to a distal end portion of manipulator shaft 4200. Optionally, handle unmt 4100 1s
detachably connectable to a proximal end portion of manmpulator shaft 4200. Handle
umt 4100 mcludes a handle 4110 firmly connected (1e., with no degree of freedom
therebetween) to comnector 4130 that 18 connected to manpulator shaft 4200. A

movable lever 4120 18 connected with handle 4110 by a hinge (not shown) m a way
that allows fixed or variable pivoting thercabout.
Grasper head 4300 mcludes a base 4310 connected to manipulator shaft 4200

and allows transfer of power and/or motion from handle umt 4100 to jaws 4320

pivotally connected thereto. Jaws 4320 actuation 18 apphcable by relative axial motion

mn manmpulator shaft 4200 between an outer tube member 4210 proxmally connected
to handle 4110, and an enclosed rod member, such as a such as a transmission

member or a shdable transmission member, 4220 proxmally connected to lever 4120.

Optionally, as previously described (yet not shown 1s Figs. 5), outer tube member

4210 and rod member 4220 both mclude connecting portions, concentrically disposed,
cach 18 detachably connected to different members m grasper head 4300 so that

relative axial motion between them will actuate jaws 4320. In an exemplary
embodmment, by pressmg lever 4120 towards handle 4110, grasper head 4310 1s

actuated to close jaws 4320 together and/or increase compressive forces generated m-

between.
In some embodments, rod member 4220 is partly or fully elastic, or optionally

mcludes clastic portions, or mcludes different parts or members, substantially rigid or

otherwise substantially non-clastic, mterconnected with at least one clastic portion. In
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this embodment, the definition of ‘“clastic” shall refer to bemg resistive to axial

stretchmg and/or compressng and capable of substantially resummg origmal length
after such stretchmg or compression. In an exemplary embodment, rod member 4220
mcludes two parts mterconnected with an elastic portion, such as an extension spring,
4230 having a free length (as shown m Figs. SA and 5B) and a maxmmal preset length
(as shown m Fig. 5C). In some embodments, spring 4230 18 so chosen and/or
prepared to begm stretching (Le., allow mitial substantial axial separation between at
lcast two adjacent coils) only above a chosen threshold extension force axially apphed
thereto. Therefore, below such threshold, rod member 4220 as a whole shall function
substantially as a rigid or otherwise non-clastic member along its entire length, so that
only relative motion or no motion will take place between rod member 4220 and outer
tube member 4210 without spring 4230 bemg stretched (while only, optionally, bemng
axially displaced).

Fig. 5A shows grasper 4000 m a first position m which jaws 4320 are
completely open and lever 4120 1s maximally displaced from handle 4110.

Fig. SB shows grasper 4000 m a second position m which jaws 4320 are
closed upon a tissuc T m a mild-to-no compression force apphed thercto, and lever
4120 15 partially displaced from handle 4110.

Fig. 5C shows grasper 4000 m a third position m which jaws 4320 are
remamed close upon tissue T but exert a predetermmed maximal compression force
thereto, and lever 4120 i1s m contact (Le., zero distance) or at maxmmally allowed
proxmuty, with handle 4110.

Reference 18 now made to Fig. 6, which 18 a schematic graph 5000 showing
changes of compression forces F(P) apphed to grasped tissue T m relation to
proxmity P between lever 4120 and handle 4110 of grasper 4000, m accordance with
some cmbodments of the present mvention. Graph 5000 mcludes a first segment
5100 that schematically shows the change m compression force F(P) when lever 4120
is altered from an mitial proximity position PO, m which lever 4120 is farthest from
handle 4110 (as shown m Fig. 5A), to a first proximity position P1 m which jaws
4320 approach cach other until closmg and muldly compressing tissue T by force Fl
(as shown m Fig. 5B). Tissue T 18 considered wviscoelastic and thercfore shown
reactmg with non-hnear resistive force until reaching force F1, or sooner or later.

Once exceedng force F1, the compressive force F(P) exerted by jaws 4320 may be
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considered 1sometric as jaws 4320 do not displaced while F(P) continue to change m

accordance with contmuously clevating manual force that forces lever 4120 to
approximate handle 4110 until contact or untl maxmally allowed proximity.

In this exemplary embodimment, the extension force threshold for stretching
spring 4230 18 greater than F1 and equals to F2, tough m other possible embodiments, 5
the threshold may be set to occur at or margmally to F1. Therefore, graph 5000
mcludes a second segment 5200 m which compression force F(P) changes from F1 to
F2 while lever 4120 approximates from first proxmity position P1 (as shown m Fig.
5B) to a second proxmuty position P2 (not shown). Along segment 5200,
compression force F(P) 1s directly proportional to the manual force applhed to handle 10
unit 4100, therefore considered linear and mcorporating a relatively steep mclination.

Upon exceeding F2, namely, spring extension threshold, spring 4230 clongates
until reaching a maximal preset length shown m Fig. 5C. Segment 5300 shows the
mfluence of spring 4230 expansion to the change m force F(P) between F2 and
maxmmal compression force Fm, when lever 4120 1s made m drect contact (as shown 15
mn Fig. 5C) with handle 4110 at maxmmal proxmmity position Pm. As shown, soon after
stretchng mitiation (1.¢., begmnng of coils separation m spring 4230), graph segment
5300 regams Inecar proportion between F(P) and P though decrease m mclnation
angle m a manner that 18 mostly or fully dependant on spring 4230 constant.

Thus a lever force that 18 apphed when moving said movable lever for 20
actuating a compressive force by the graspmg head 15 depending on said lever force.

In the example 1llustrated m Fig. 6, two lnear portions can be seen. A first
lincar (substantially proportional) portion i1s present between F1 and F2. A second
incar (substantially proportional) portion 1s present between F2 and Fm. The
transition between the two portions might be shghtly non Inear adjacent the F2 25
threshold due to the start of stretching the elastic portion.The dependence of the
oraspmg head’s compressive force 1s thus providable as desred m dependence of the
lever force apphed. The ratio between the two forces 18 adjustable within the range of
forces up to Fm, such as m the substantially proportional manner with a plurality of
ranges with different mchnation. This may be mplemented by a plurality of elastic 30

portions.
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Alternatively, the second portion between F2 and Fm may be non-lncar m

specific examples. This may be mplemented by choosing a deswred spring constant

behavior.

An 1llustrative graph segment 5400, showed m dashed line, represents the

compression force F(P) mclnation m the absent of a graspmg force controller, m this

exemplary embodiment, extension spring 4230. As shown, the maxmal illustrative
compression force Frmu m absence of spring 4230 15 substantially greater than actual
maximal compression force Fm, and may cause mrecoverable mfluence to tissue
and/or grasper 4000 parts.

In some exemplary embodiments, force F1 1s about 3N or smaller, optionally
about 2N or smaller. Optionally, alternatively or additionally, force F2 1s between
about 1N and about 5N, optionally between about 2N and about 4N. Optionally,
alternatively or additionally, force Fm 18 between about 3N and about 10N, optionally
between about 4N and about 8N. Optionally, alternatively or additionally, illustrative

force Fnu 18 about 10N or higher, optionally about 15N or higher, optionally about
20N or higher, optionally about SON or higher, or any mtermediate values.

Although the mvention has been described m conjunction with specific
ecmbodments thercof, it 1S evident that many alternatives, modifications and variations
will be apparent to those skilled m the art. Accordingly, it 1s mtended to embrace all
such alternatives, modifications and variations that fall withm the spmit and broad
scope of the appended clams.

All publications, patents and patent applhcations mentioned m  this
specification  are  herem mcorporated m ther entwrety by reference mto the

specification, to the same extent as if cach mdmvidual publication, patent or patent

apphcation was specifically and mdmwidually mdicated to be mcorporated herem by

reference. In addition, citation or identification of any reference m this application
shall not be construed as an admission that such reference 1s available as prior art to

the present mvention. To the extent that section headings are used, they should not be

construcd as necessarilly miting.
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CLAIMS

1. An actuator for controling a compressive force of a detachable laparoscopic
grasper head, comprising:
a handle untt comprising a movable lever;

an outer tube member proxmmally connected to said handle unit and, when m

use, distally connected to a first member of a detachable grasper head;
a transmission member which comprises at least partially an elastic portion,

saild transmission member 18 axially arranged mside said outer tube member, said

transmission member 18 proxmmally connected to said movable lever and, when m

use, distally connected to a second member of said detachable grasper head;

wherem said transmission member 1s configured to transfer a lever force
appled when moving said movable lever for actuatng a compressive force by

saild graspmg head depending on said lever force.

2. The actuator according to claimm 1, wherem said clastic portion is axially
stretchable and/or compressible.

3. The actuator according to claimm 1 or 2, wherem said clastic portion 1s the

entire length of said transmission member.

4. The actuator according to any of claim 1 to 3, wheremn said clastic portion
includes variable clasticity along its length.

5. The actuator accordmg to claim 1 or 2, wherem said clastic portion 15 an

clastic transition portion mterconnecting two substantially non-clastic parts of

said transmission member.

6. The actuator according to claim 5, wherem said clastic transition portion i1s an

extension sprng having a free length and a maxmmal preset length when
extended.
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7. The actuator according to claim 6, wherem said extension spring 15 configured

to stretch substantially proportionally to a spring constant above a threshold

extension force apphed thereto.

8. The actuator accordng to claimm 7, wherem said extension sSpring 1S

substantially non-stretchable below said threshold.

9. The actuator according to any of claimms 1 to 5, wherem said clastic section is

axially stretchable and/or compressible after a threshold extension force 1S

applied to said elastic section.

10. The actuator accordng to claim 9, wheremn said clastic section 18 substantially

axially rigid or non-clastic below said threshold extension force.

11. The actuator of claim 1, wherem said dependence of said compressive force
on said lever force 1s substantially proportionally Imear and having a first
mnchnation, at least up to a predefined threshold.

12. The actuator of claim 11, wherem said dependence has a second mclnation

when said threshold i1s exceeded, bemg substantially less steep than said first

mchnation.

13. The actuator of claim 12, wherem said dependence at said second mclnation

is substantially proportional to an clongation of said clastic portion.

14. A method of controllng a compressive force of a detachable graspmg head

attached to an manmpulating shaft, comprisig:

providing a transmission member which comprises at least partially an elastic
portion, axially mside an outer tube member, and proxmally connected to a
movable lever and distally connected to a second member of said detachable
grasper head; and

via said transmission member, transferrmg a lever force by movng said
movable lever, thus actuatmg said graspmg head with a compressive force

depending on said transferred lever force.
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15. The method accordmg to clam 14, comprising stretchng and/or compressing

saild clastic portion when a predetermme threshold force 18 exceeded and

applied thereto.

16. The method according to claim 14 or 15, wherem an appled lever force

provides a compressive force dependng on said stretchng and/or

compressing of said elastic portion.

17. The method accordng to clam 15, comprising converting an isometric force
to a proportional isotonic force after applymg said threshold force to said

clastic portion.

18. The method according to claim 15, comprismg converting an isometric force

to a proportional regulated force after applying said threshold force to said

clastic portion.

19. An actuator for controllng a compressive force of a detachable laparoscopic
orasper head, such as of claims 1-13, comprising:
a handle unmit comprising at least onc movable lever and a positionng means
connected thereto;
a mampulator shaft, comprising:
an outer tube member 18 connected at its proxmmal end to said
handle umt and comprises a first connector at its distal end for
connecting a first member of said detachable grasper head;
a shdable transmission member, such as a shdable rod, axially
arranged m a lumen of said outer tube member and connected at a
proximal end to said movable lever and, said shdable transmission

member comprises a second connector at its distal end for connecting a

second member of said detachable grasper head;
whereby an apphed force to saild movable lever will move said first connector
and said second comnector relative cach other; and wheremm said positioning
means 1s configured to position said movable lever m a predetermmed position

thereby mposing a chosen distance between said first connector and said

second connector m absence of an actuating action on said handle.
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20. The actuator according to claim 19, wherem said detachable grasper head 1s

detachably connected such that opposmng jaws thercof meet at a mmmal

distance mposed by said movable lever.

21. The actuator according to clam 20, wherem said movable lever, at and/or over

said predetermmed position, i1s adapted to transfer a variable force apphed
thereto as a compression force exercisable by said opposing jaws to a bodily

tISsue .

22. The actuator according to any of clams 19 to 21, wherem said positioning

means 18 a spring clement and/or a coiled spring and/or a piston and/or a

stopper.

23. The actuator accordng to any of claims 19 to 22, wherem said positioning
means provides a resist m a movement of said movable lever by extending

and/or compressmg said positioning clement.

24. The actuator accordmng to any of claims 19 to 23, wherem said manipulator
shaft mcludes a distal penctratmg portion endng with a sharp distal tip

capable of percutancous msertion through bodily tissue layers.

25. The actuator according to any of claims 19 to 24, wherem said detachable
orasper head is adapted to connect smmultancously to said first connector and

said second connector at said predetermmed distance.

26. The laparoscopic grasper according to any of claims 19 to 25, wherem said

movable lever 15 adapted to move over a center pomt thereof when forced over

said predetermmed position

27. A method of controling a compressive force of a detachable laparoscopic
grasper head, comprising:
providing a handle umt connected at a proximal end of a manpulator shaft,

saild handle umt comprismg at Icast onc movable lever and a positioning



CA 02841182 2014-01-08
WO 2013/007764 PCT/EP2012/063618

26
means connected thereto; by applymg a force to said movable lever a first and

second connector at the distal end of said manipulator shaft will move relative

cach other to obtamn a distance thercbetween;
positionmg said movable lever wusmg said posttionng means to a

predetermmed position thereby mmposmg said distance to a predetermmed

distance between said first connector and said second connector m absence of

an actuating action on said handle.

28. The method according to claim 27, comprismg using said positioning means

to hinder said movable lever moving to a position where said distance 1s

smaller than said predetermined distance, when applyng a force thereto.

29. The method according to claim 27, comprising allowmg said movable lever
moving to a position where said distance i1s smaller than said predetermined

distance, when applyng a force thereto.

30. The method according to claim 29, comprismg using said positioning means

to resist lever movement when moving said movable lever from said

predetermmed distance to a smaller distance.

31. The method accordmng to any of clams 27 to 29, comprismg using said

positioning means to resist lever movement when moving said movable lever.
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