WO 2011/ 051253PCT/ EP2010/ 066111 1 M NI MALLY | NVASI VE LAPARCSCOPI C SURG CAL
PLI ERS Field of the Invention 5The present invention finds application in

t he fiel dwofrasoissc surgery and specifically refers topplripresossitiabl e for
m nimal |y invasive robotic |aparoscopic surgery. The pliers of the present
i nvention conprise a kinematic arrangenent 10 provided with jaw neans that
can be opened and cl osed which are nount éd on a rotati ng body. The pliers
of the invention further include first nmeans for transmtting novenent of

the jaw meangNINAISIEE MVASIVELAPARCSOOPIC ISURGIOXEMNERE the rotating
body. 15 Background of the Invention Current robotic |aparoscopic surgical

techni ques all ow hi gh precision operations to be carried out, providing

signi ficant Fidikhof ttgehvestion al ly in certain conplex surgeries, including
those in which there is great difficulty in 20 accessing a surgical site.
The present invention is particularly applicable in such type of robotic

| apar oscopi clreupgesanttihgentien dinds napication nnathiev eldechmopte ssrgery iand
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currently enployed,” such that I'n many cases It “is used as an alternative to
convent i onalSWa@®dr oscopi c surgery. 25 In this type of robotic surgery,
robotic arm devi ces are enpl oyed actuating pliers capable of hol ding

certain tools and. instTr nent s. Ip addition to the sur. icah preci si on
achi oved by 1o RISE of! dBRpRREsR]! dOLECR dPrIRTSF (hakdeRLF ARTEndemant ect
cont act 10f tgrevigledgeithn jaan nidenspthat eah beaopbeed addatosda/ whh stechmounted

et o o otk ORI B0 T BTSSR bR e RELGHTPRreEBS set ¢ or m
vari ous opertearisomingi movementraf the jawraneant aedlsegobd enpgars dpetransmidingi n

sequel . 35 The dREM B therStafingbeely, herein according to the intended use for
the object o \t/%]rlﬁsm: nventléon ghoul d be understood as a tool designed to be

coupled to a robotic armend. This robotic armis usually operated renotely
by a surgeorBackground of the Invention

Current robotic laparoscopic surgical techniques allow high precision
operations to be carried out, providing significant advantages especially in
certain complex surgeries, including those in which there is great difficulty in

20 accessing a surgical site. The present invention is particularly applicable in
such type of robotic laparoscopic surgery that is a minimally invasive
technique as it is performed through small incisions in the patient. This
technique is widely currently employed, such that in many cases it is used as
an alternative to conventional laparoscopic surgery.

25
In this type of robotic surgery, robotic arm devices are employed actuating
pliers capable of holding certain tools and instruments. In addition to the
surgical precision achieved by the use of computing associated with these
operations, direct contact of the surgeon on the patient can be reduced by

30 such mechanisms, with consequent reduction of infections. Through a small
incision, cameras and/or pliers are introduced into the patient to perform
various operations with minimal trauma and negligible postoperative pain
sequel.

35 The term pliers as used herein according to the intended use for the object of
this invention should be understood as a tool designed to be coupled to a
robotic arm end. This robotic arm is usually operated remotely by a surgeon



WO 2011/ 051253PCT/ EP2010/ 066111 2 skilled in robotic |aparoscopic
operations and it is designed to grip and even to hold over any useful

t ool , bodyoanidsvisse. Many types of | aparoscopi c pli erspexiepoloasad on
their novenent and 5 geonetry, which aspects depend to a great extent on
the type of operation to which the pliers are ultimately intended. In a

| apar oscopi c surgical operation several fpliers are typically used, which
usual Iy have a configuration such that its distal end is provided with jaws
having di f f ej@pi |ﬁ‘?8f>bt%llr f {)R,Soé@'ﬁho@élﬁﬁd 09 vesighet tegﬁ\aaspére eVér fb or

W t hout teeth, haV|n a 1 curved shape, “etc. e exanpl e of
Iaparoscoplémﬁﬁpé?% LKFg YOl #Fbscoplc surgery is described in US
pat ent US6969385. This docunent shows pliers used in a robotic device
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pliers Mo drouwesd shammghca gear train nmechanism 25 The use of cables and

pul l eys or gears in pliers as those described in this docunent is necessary

for transmtting novenent fromdriving means to pliers thenselves for
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to jaws. around grooved pulleys. The pulleys are mounted in correspondence W|th the
axes of rotation of the fingers and the shaft of said rotating body that is
attached to the robotic arm end, respectively.

20
A further example of transmission of movement of the pliers is by means of
gears. In US2009192521 a surgical instrument is described consisting of
pliers including a fixed finger and a movable finger. The moving finger of the
pliers is driven through a gear train mechanism.

25

The use of cables and pulleys or gears in pliers as those described in this
document is necessary for transmitting movement from driving means to pliers
themselves for positioning them and for moving the jaws. This results in a
pliers mechanism that is considerably complex. This mechanical complication
30 is of great importance in the case in which the movement transmission cables
have to pass through an articulated body, which usually occurs in the above
described pliers. The fact that the transmission cables have to pass through
an articulated body requires the provision of additional pulleys for being able
to perform such transmission of movement from driving means to jaws.
35
The invention provides laparoscopic surgical pliers having a configuration that
allows movement to be transmitted through a kinematic assembly comprising



35 3 various rotating nenbers, fromdriving neans to rotating nenbers.
This kinematic assenbly of the pliers conprises nenbers allowing the pliers
to be poswbioned1mad nenbers all owi ng j aw nmeans of pli epsTiEP2008/0601YEd. AS
it will be seen hereinafter, with the | aparoscopic surgical pliers of the

i nvention this 5o0bject can be achieved with a sinple, conpact and reliable
configuration, resulting in additional advant ages, as it will be seen in
the follow ng. Description of the Invention 10The present invention

provi des pligfripugUidiatie rh&nbBR, NBomSBElving AeaPROold Foltily Mehtbers. This
specifically, the. inven

on lates to pliers intended t0 be used tq carry
out mi ni mal IKN¢ATES AFELT b(aqfége ees §Qﬁ”§r'§%$ mgsRbers; Alewing ri“?/@ﬁerﬁ)m&&)ot iC
ar ns. 1iL3ACCQTdiiit!MeUOarﬁmmdmN@rBta?I@Win?|jéa\@rrﬁeélw oppﬁaerbgormdomdvedl Agait w_ﬂboioi c
surgi cal operations ar rovi.ded in ing a nmin in [ Oxi ma
end’and a o srouRareaRE Wil thel BERiSsPRcu i, PR albedR R bl Ve
uni ver sab | abjectceqraliiee achieped fwitma womplas Lowgacdtantd oglmbleAtconfigurditional end
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This rotating body is capable of perform ng several active rotations. The

j aw means ofpéduriptioieof tIfé Invkhtigiyent i on conprise at |east two noving parts
or fingers that can be rotatably driven independently. The novenent of 25

the fingers of the pliers is perfornmed by first novenent transm ssion
means. FKOr iTre pagsent tnvention providesy ehienstsuitabtéfor ety used odyobsticarmi ed

out through 0 |, SSi Sald firs C
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el ectri c notatsminimally dnisasive i lepawfscopie duigicalgoperationsindrivére By mrebbotind
second transgpgsi on 30means allows the pliers to be suitably positioned and

allows the jaw nmeans to be opened and closed, noving the fingers towards
and away to each other.

15 According to the invention, pliers for use in robotic laparoscopic surgical
operations are provided including a main body having a proximal end and a
distal end. The proximal end of the body is adapted to receive a universal joint
capable to perform two passive rotations. At the distal end of the main body a
kinematic assembly is coupled formed by a rotating body that is rotatably

20 mounted on that end and being provided with jaw means. This rotating body is
capable of performing several active rotations.

The jaw means of the pliers of the invention comprise at least two moving
parts or fingers that can be rotatably driven independently. The movement of

25 the fingers of the pliers is performed by first movement transmission means.
For its part, the rotary movement of the rotating body is carried out through
second movement transmission means. Said first and second transmission
means are driven by driving means comprising, for example, electric motors.
The combination of the driving means and the first and second transmission

30 means allows the pliers to be suitably positioned and allows the jaw means to
be opened and closed, moving the fingers towards and away to each other.

According to the invention, both the first and second movement transmission
means comprise tendons extending inside the main body therealong, between

35 the proximal end and the distal end. In use, said tendons can be moved
lengthways along said main body.



According to the invention, both the first and second novenent transm ssion
means conprise tendons extending inside the main body thereal ong, between
35 the prwwioalosersd and the distal end. In use, said terdoEP2@dncdiel noved
| engt hways al ong said nain body. 4 Mre specifically, the pliers conprise
at | east one tendon associated with the first novenent transm ssion neans
and one tendon associated with the second novement transmission means. The
first novenent transm ssion neans nay conprise one or two tendons dependi ng
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efficient operation of the jaw nmeans. Wth the configuration described
according to the invention, the pliers can be

15 The packaging of several cables to form each tendon for transmitting the
movement of the pliers provides the necessary stiffness both for being able to
work to compression and to traction, allowing efficient power transmission as if
it were a rod transmission.

20 The cross-sectional geometry of each tendon is defined by the arrangement of
the cables forming the tendon. According to the invention, the arrangement of
cables is such that the tendon, in the vicinity of the distal end of the main
body, has a cross-section with variable geometry along its length. This is met
at least for tendons associated with the first movement transmission means.

25 Therefore, the variation in the cross-sectional geometry of the tendon allows a
very efficient operation of the jaw means.

With the configuration described according to the invention, the pliers can be
rotated about a first axis and the rotating body can be rotated about a second

30 axis. The first axis and the second axis may be disposed substantially
orthogonal to each other.

In one embodiment of the pliers of the invention, it is preferred that the
variation of the cross-sectional geometry of each tendon is as follows. As
35 stated above, the tendons extend lengthways through the interior of the main
body, defining a first cross-sectional geometry arrangement of the tendons in
which the respective cables are arranged, in cross-section, with their



rotated about a first axis and the rotating body can be rotated about a
second 30axis. The first axis and the second axis nmay be di sposed

subst ant iwbl2g1osidsegonal to each other. I n one enbodi nertcT@P2a10@6qhi er s of
the invention, it is preferred that the variation of the cross-sectional
geonetry of each tendon is as foll ows. 35 stated above, the tendons
extend | engt hways through the interior of the nmain body, defining a first
cross-sectional geonetry arrangenent of the tendons in which the respective
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the cross-section of the tendon is changed into this third arrangement in which

the cables are arranged with their respective longitudinal axes transversely

aligned in a second orientation, forming an angle to said first orientation, for

example 90°, i.e., vertically aligned. In this way the necessary flexibility to

25 overcome the flexion of the joint in the direction perpendicular to the above is
therefore obtained.

The first and second movement transmission means comprising said tendons
further include rotating drums for tangential winding of tendons. These drums

30 allow, in said distal end of the assembly, the longitudinal movement from the
tendons to be converted into a rotational movement in two directions, i.e., both
to traction and to compression, to rotatably drive the rotating body of the pliers
and their jaw means. Said drums have a grooved periphery suitable for
winding of the tendons. The rotating body of the pliers is formed by two of said

35 drums, which are arranged overlapped. Each of said two drums for winding of
the rotating body is integral with each jaw finger, respectively.



further include rotating druns for tangential w nding of tendons. These
drunms 30 allow, in said distal end of the assenbly, the | ongitudinal
novenent woemtdsessendons to be converted into a rotati ecalePoexvesant i n two
directions, i.e., both to traction and to conpression, to rotatably drive
the rotating body of the pliers and their jaw nmeans. Said druns have a
grooved periphery suitable for w nding of the tendons. The rotati ng body of
the pliers is forned by two of said 35 drunms, which are arranged
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novenent of the tendon of the first transm ssion neans (to drive 35 the
fingers frorharhbepirarsmsispion okemoyemant througbciteddisplansmens iod therdamdor(s or

rotatabby drdi¥hdithd BRorFRrd 8ol Wriviny maRktdr8Nidae, LesthRY HBS )such as
electric motors. In one embodiment of the invention, other means may be
adapted to rotatably drive internally threaded tubes which are mounted axially
retained within the main body. Inside such internally threaded tubes a
corresponding externally threaded tube is received that is fixed to the outer
30 sheath within which tendon cables are disposed. The externally threaded tube
can be rotated to said internally threaded tube (retained axially within the main
body) so that the rotation thereof through the driving means results in a
longitudinal movement of the outer threaded tube and consequently, a
longitudinal movement of the tendon of the first transmission means (to drive
35 the fingers from the pliers jaw means) or the second transmission means (for
rotatably driving the moving body for positioning the jaw means).



7 Wth the pliers as described according to the invention an assenbly

havi ng a great nechanical sinplification over the pliers which for the sane
pur pose hwoaohesmesased so far, with consequent cost saviPogEpP2Miblobsiihe

vari abl e geonetry cross-section configuration of the tendons of the driving
means of 5 the pliers for each change of orientation of said section it is
possi bl e, according to the invention, to'dispense with the use of idler

pul |l eys or gears for transverse rotation of parts where the tendons run.
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Other objects, advantages and features of the minimally invasive laparoscopic

surgical pliers of this invention will become apparent from the description of a

preferred embodiment of the invention. This description is given only by way
15 of an example and it is shown in the accompanying drawings.

Brief Description of Drawings

In said drawings,

20
Figure 1 is a perspective part view of the main body of the minimally invasive
laparoscopic surgical pliers of the present invention;

Figure 2 is a perspective view of one embodiment of one module for changing
25 the orientation in the tendon of pliers;

Figure 3 is a perspective part view of the minimally invasive laparoscopic
surgical pliers of the present invention, with jaw means and rotating body
mounted at the distal end in the main body of the assembly;

30
Figure 4 is a perspective part view of the pliers of the present invention in
which the configuration of the tendons and the change of orientation thereof
are diagrammatically shown.

35 Detailed description of a preferred embodiment

In the Figures 1-4 enclosed herein a preferred embodiment of minimally



30 Figure 4 is a perspective part view of the pliers of the present

I nvention in which the configuration of the tendons and the change of

ori ent at iwo 20hwrsers8 are di agrammatically shown. 35 Det aiPcedipd@soséipt i on of
a preferred enbodi mrent WD 2011/ 051253PCT/ EP2010/ 066111 8 i nvasi ve

| apar oscopi c surgical pliers in robotic arns is shown. Pliers have been

I ndicated in the figures as a whole by réference nuneral 10. Pliers 10

i nclude, in the exenplary enbodi nrent shown, an el ongated shaped 5 main

body 20 haviingsdhe8pdBBEoEBGickl librd AN foisitiealrhs tiBesHowdhr Bdrs sl

di stal end 40 %I’_I ht-hand side in the fi resg{ The mai n body 20 of the

pliers 10 w | ‘gure 1 of the
a% 'Pg'cﬁF@Mﬁ? figHEE 388 ?éNfa%lg'ﬁyye BOFE NHMERR! 1)

drawi ngs. The distal end 40 of the main body 20 is shown in the Figure 3

and 4 of the,draw.ngs, ,10. shown in Figure 1 he pr.oxinal _en 0. of the

body 20 of | tHETSIORGueE: Kbheetifoiat et ulni bt & REBgeRF sipe

uni ver sab j ohain 3ady EOrhavireg sakrexivhalcérat BOy|eft-handisideeinsthle figiras) 86diss

shown in sai ' SER f: : [ | j oi nt

35 al 1 ons. ¢ 10taL M BYrRPRER) Sideh B8 HOfresh The R BOsy 20%rl BRESHI0 L2

shown in Fi guifreits pEgximas gagt3Q & partyvehown in e biosrel! ehiesdrayinghelifody 20

a ki nemati ¢ @astap@EAdY40 ofCtPeP@th BeEPr2( iieGhawporty tHhd F_ﬁ@'gu/retglalrw aogniRd on
t he di stal Sd”l[d 40. The rotating body 60 is provided with jaw neans (jaws

70), which WMPWNES-described in greater detail hereinafter. 20 The jaws 70
of the dg@bodinent illustrated by way of an exanple in Figures 3 and 4

i ncl ude two sc¢ - Sh ! I | of . Flgure 3, the
fingers 71, %g@&"ﬁ%ﬁ?@v{é 178%1?\5%)&@83 fg’glg 3%r%ﬂ§ﬁe[{%gérdr§ﬂ{r a “e&g?@ (Te%ne
enbodi ment dfe Aitgehad i) atrhbofi¢ agers) rough eotinivhesal jaist 39. havtheasaie okd,
smoot h i ””erclér"rtgfaﬁ%%ni%rsm jolnt 3% idReHF Redid lﬂﬁM‘FeV?%eP{artHéd HoRPBISmah 72
of 25pliers 70 d have am) ot her configuration as we as an I nner surface
havi ng di f f RSkt 2 -uT"F%té’é“\ﬁr?ﬁ‘@ﬁ@_é %alﬂ@mm%@ssmélw t%eerff@rn‘riwomqu he
jaws 7018ay rbgatiopsabRI] BRY, iageshown p@@rr@Inn%bAeéis@H@dve ARG e rthe Whstal
according t C)enadcﬁff) \6? tﬁeobgayl/ % anE%%rrEeaQchascéé%ﬁbly is?’cc'asupgfg'él1 c'onmprising a body 60
pivotally mounted on the distal end 40. The rotating body 60 is provided with

jaw means (jaws 70), which will be described in greater detail hereinafter.

20 The jaws 70 of the embodiment illustrated by way of an example in Figures 3
and 4 include two scoop-shaped fingers 71, 72. In the embodiment of Figure
3, the fingers 71, 72 of the jaws 70 have a flat, rough inner surface. In the
embodiment of Figure 4, the fingers 71, 72 of the jaws 70 have a curved,
smooth inner surface. It will be understood, however, that fingers 71, 72 of

25 pliers 70 may have any other configuration as well as an inner surface having
different surface finishes as required.

The fingers 71, 72 of the jaws 70 may be rotatably driven in a coordinated and
independent way according to active rotating movements GA2, GA3 shown in

30 Figure 3, about a first axis X, for moving towards and/or away to each other.
This allows the pliers 10 to grip and even to hold over any useful tool, body or
device (not shown).

The kinematic assembly of the pliers 10 can also be rotated around the
35 longitudinal axis Z of the main body 20 according to the passive angular
movement GA4 depicted in Figure 1. This passive rotation GA4 is performed
at an angle greater than 360° and allows positioning of the working plane of



30 Figure 3, about a first axis X, for noving towards and/or away to each
other. This allows the pliers 10 to grip and even to hold over any useful

t ool , bodyoanidsvisse (not shown). The kinematic assenbl pycofEpede/opdtiiers 10
can also be rotated around the 35 longitudinal axis Z of the main body 20
according to the passive angul ar novenent GA4 depicted in Figure 1. This
passive rotation GA4 is performed at an angle greater than 360 and all ows
positioning of the working plane of 9 the pliers 10. Each finger 71, 72 of
the jaws 70 thg diigfeggal with a winding drum 81, 82 respectively, which will
be described in detail further on. 5 At the proximal end 30 of main body 20
driving neans Mare provided for controlled driving of jaws 70 and its

gri e_nlt a]Ei OnhEabthFgémqginTbﬁfIfb ijave g7 OTesairste aM\A/iltrata_emql@dmgimm im,]gmat er
et ai urt her i n ratipn h.the driving means M first
nmovenent trJﬁgﬂ‘?@yl%gn“@%yﬁﬁ%gggg%og'\?id%@ fucg{fjeégﬂsi ng the fingers 71, 72
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in Figure 3 Ay f fy Tdivi kel d
ovement ¢ dnacosr ARl ER 1 6f Aidln (R0 K e FRPRE ol By e BBty g
body 60 to H@ntreted «ivine &f dewg 16 angd daioredaten dn siBeorree«i hey, driyéndhown

in figure 3,méafs MPRIItbOBbOGIHEEN RIrb&tes dbilSUARYAYSIOWN the space when used
in a | aparoscopic intervention. In one enbodinent it is preferred the first

axis X and the second axis Y forman angle of 90 to each other. 20 The
first tnansnhssllaboratienwittOhe droling engamisddnfirsBOtbveddént teembntibsion enesnts
transm ssi o S 2] gl . 0 , B | S
arranged sy&‘r@f?&cgﬁ%ﬁ)ﬁ fcﬁ %eb?b@p% ﬂ”é%%d%@e%g?m%%"ys |7§e[p ﬁ%]é%ggeed
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that in oth i t t i i h j i i sSe a
si ngl e nobi ﬁ’gr %g?ﬁﬁ!n%grﬁ,?%é rgg%%gwg% gel rqg @Pgég%hgé%?ﬁgﬁé%ﬁgqﬁ%ﬁ
transmi ssi or20fiesal30Pradded forausing therofating Q%e@oép gerglated apeRiin®Bo0 or
350) . Tepdong GAP ardiH a4eond laxRxY easlshbWA N figera B for bediioribg the Piers

pr oxi mal end103 gidte%a%si%atheesrlgacléo\’/vh%ﬁ dstedcl%na gpgr%%eobig iﬁ'teg\%r?tlson?’ Iﬁnéjne4 of

t he draw ngs.
embodiment it is preferred the first axis X and the second axis Y form an angle

of 90° to each other.

20 The first transmission means 100 include tendons 300, 350, and the second
transmission means comprise one tendon 400, respectively. Tendon 350 is
arranged symmetrically with respect to tendon 300 and it is therefore hidden in
Figure 3 of the drawings (shown in dashed lines). It is clear that in other
embodiments of the invention, the pliers 70 could comprise a single mobile

25 finger, the other one being fixed, so that the first transmission means 100
would include, in this case, a single tendon (300 or 350).

Tendons 300, 350, 400 all extend along the main body 20, from proximal end

30 to distal end 40, as it can be seen in Figures 3 and 4 of the drawings.
30 Tendons 300, 350, 400 are adapted to be moved lengthways within the main

body 20 therealong to drive the pliers 10, as will be described in detail below.

In the embodiment shown by way of example, tendons 300, 350, 400 of
transmission means 100, 200 are each formed by three steel cables 500

35 having a circular cross-section arranged packaged within a sheath that
encloses them (not shown) providing the necessary rigidity for working* both
to traction and to compression.



30 Tendons 300, 350, 400 are adapted to be noved | engthways within the main
body 20 therealong to drive the pliers 10, as will be described in detai
bel ow. | nwoheliasiorsdi mrent shown by way of exanpl e, tendomseTd®091086611 400 of
transm ssion neans 100, 200 are each fornmed by three steel cables 500 35
having a circular cross-section arrange%ﬁgackaged wi thin a sheath that
encl oses them (not shown) providing the cessary rigidity for working*
both to traction and to conpression. 10 Several arrangenents of the cables
500 in one tendon 300, 350, 400 are shomn in figures 2 and 4. Figure 4
shows the v%%%ous arrangenment s he cross- ectlg 3 tries

h

of
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B and C1ar e jsinhenia rotdting 5aBME0,i ds it Wilbe déscrfed¥siondi Ng to Figure 4, in
nost of the Iength of the main body 20 tendons 300, 350 run with thelr

respective cables 500 arranged radially fromthe proxinmal end 30 to the
di stal end 4lhe Vigionaidi the @osssgetimnal gebridiy afedd atstebidoni 300acid0envitibeby a

substanti al lgecfibaaobiply AihAAAGIERE 1060 425 SRENIAlIAGO TnEcGhEe

defining a circ Cross-'sec
sectional geometry of each tendon 300, 350 |s changed twice on its path, so

20 there is a first cross-sectional geometry arrangement A of tendon 300, 350, a
second cross-sectional geometry arrangement B of tendon 300, 350, and a
third cross-sectional geometry arrangement C of tendon 300, 350.
Arrangements A, B and C are schematically shown in figure 4.

25 According to Figure 4, in most of the length of the main body 20 tendons 300,
350 run with their respective cables 500 arranged radially from the proximal
end 30 to the distal end 40. This radial arrangement of the cables 500 is
achieved by a substantially triangular arrangement thereof, as seen in cross-
section, defining a substantially circular shape for the first cross-sectional

30 geometry arrangement A of tendon 300, 350. Near the distal end 40 of the
main body 20, the cross-sectional geometry of the same tendon 300, 350 is
changed from a first arrangement of cables 500 (radially) with their
longitudinal axes triangularly distributed into a second arrangement B with
their longitudinal axes aligned in a first orientation, horizontally aligned, as

35 seen in cross-section such as shown in Figure 4. Finally, the cross-sectional
geometry of tendon 300, 350 is changed again from this second arrangement
B of the cables 500 (in the first orientation, with their longitudinal axes aligned



30 geonetry arrangenent A of tendon 300, 350. Near the distal end 40 of the
mai n body 20, the cross-sectional geonetry of the sanme tendon 300, 350 is
changed fworma/fsizsst arrangenment of cables 500 (radial | yrrmpRérobbailr

| ongi tudi nal axes triangularly distributed into a second arrangenent B with
their longitudinal axes aligned in a first orientation, horizontally
aligned, as 35 seen in cross-section such as shown in Figure 4. Finally,
the cross-sectional geonetry of tendon 300, 350 is changed again fromthis
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main body 20, surrounds the periphery of drum 83. Displacement of tendons

300, 350 associated with the first transmission means 100 causes respective

independent rotation of respective drums 81, 82 of the rotating body 60 of

pliers 10, causing the fingers 71, 27 of the jaws 70 to be rotated independently

35 around axis X according to the respective active rotating movements GAZ2,
GA3 depicted in Figure 3, rotating around axis X towards or away from each

other, as desired, to grip, hold over, etc. instruments, organs, etc.



For a proper rotating novenent of druns 81, 82, 83, they are provided with
a grooved periphery (not shown) suitable for w nding of the respective

t endons 3®0,208%3125400. Each w ndi ng drum 81, 82 defi ni ngcrP2010tediing body
60 is integral wth each respective finger 71, 72 of the jaws 70. 10 In the
enbodi nent of the mnimally invasive | aparoscopic surgical pliers 10 that
is described herein according to the fi es, a nodule 600 for changing
orientation of tendons 300, 350 is further provided. One exanpl e of one of
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channel 650 is provided shaped to guide the cables 500 of each tendon 300,

350 and to force them to be rotated about 90° as they are passed through the

interior of the channel 650.

25 For each tendon 300, 350 of the first transmission means 100 two changing
orientation modules 600 are provided. Modules 600 associated with said first
movement transmission means 100, i.e., those causing the change in
orientation of tendons 300 and 350 when moving lengthways around the main
body 20, are arranged one just at the distal end 40 of the main body 20 and

30 the other one in the vicinity of each of the respective drums 81, 82 of the
rotating body 60.

The configuration described for changing orientation modules 600 allows two
changes in the cross-sectional arrangement of the tendons, from circular A to

35 straight horizontal B, and from straight horizontal B finally to straight vertical C,
as diagrammatically shown in Figure 4 and such as described above.



configuration in that path between two nodul es 600. Turning now to Figure 1
of the drawi ngs, neans M for displaceably driving the tendons 300, 350, 400
are descrwbediishzae i n greater detail. 15 In the enbodi wemep2élbwsdmat ed by
way of an exanple, driving nmeans M conprise several electric notors 700
adapted for rotatably driving outer tubes 800. These outer tubes 800 are
provided with an inner thread and they are axially retained in the proxina
end 30, inside the main body 20, as shown in 20 Figure 1. Inside the outer
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associ at ed wadnmprigeeseveral electric motors 700 adapted for rotatably driving outer tubes

800. These outer tubes 800 are provided with an inner thread and they are

axially retained in the proximal end 30, inside the main body 20, as shown in

20 Figure 1. Inside the outer tubes 800 corresponding inner tubes are threadably

received having an outer thread 850, attached to the exterior of respective

tendons 300, 350, 400. The inner tubes 850 can be rotated relative to the

respective outer tubes 800 which, as noted above, are axially retained within

the main body 20. Thus, rotation of each outer tube 800 through the

25 corresponding motor 700 results in longitudinal movement of the inner tube

850 and, consequently, in a corresponding longitudinal movement of the

tendon 300, 350 of the first transmission means 100 for actuating the fingers

71, 72 of the jaws 70 of the pliers 10 around axis X (independent movements

GA2, GA3), and/or of the second transmission means 200, for rotatably

30 driving the movable body 60 for positioning the jaws 70 around the axis Y
(movement GA1).

While the present invention has been described in the specification and
illustrated in the accompanying drawings with reference to a preferred

35 embodiment thereof, the minimally invasive laparoscopic surgical pliers of the
invention are susceptible to various changes without departing from the scope
of protection defined in the appended claims.



10 first neans (100) for transmtting novenent has a variable geonetry (A
B, © along its path through the interior of a main body (20). 2 - Pliers
(10) as cWweiradsiasscl aim 1, wherein the cross-sectional pge@mpeinyeaiil each
tendon (300, 350) has a first arrangenent (A) in which the respective 15
cables (500) are arranged, in cross-section, with their |ongitudi nal axes
In a radial arrangenent (A), a second ar1r4angerrent (B) in which the
respective cables (500) of each tendon (300, 350) are arranged, in
cross-secti qgimst h their longitudinal axes in a distribution in a first
orientation, and a third arrangenent (C) in which the respective cables
(500) of each tendon (300, 20350) are arranged, in cross section, with

their | ongi tudiviaimakenvasive Igeroscopic isargiedlimiers ¢ 0)f eorepiising cjuwtrh@arfs rst
orientation

Pl 1 I I 2 f t
and second cgp)ar{ﬁ%ltm%ﬂls rr]g?( Ogget'r@ep ] Qg:?g J'E%t(r: ?Fﬁaﬁéﬁﬂe{?ﬁ t??r%%% 0
respect i oel ynoVemethéﬁmau@Merneansmb@)t and i sgicond 9neans €200) mrhteansmlttngl iers
10 | ai | t f
Lo Eonaon DS PRI P ot B o8
- Pliers (1d7angsnigsiannmgans @RY. 00 H@SB@@WM F§MArgenat |Q/ﬁ$ércé1% MO aw
means (70) E(Bgoagg@tmb)t@a(ﬂﬁfdrﬁie@t 6yl saberdl cablesr GDoPM dr&)arrdhgdd @6 (10)

| ai med d_rotat
2 b o0 Baf s, sk S Tk b3S 08 Aol b (),
any of tibe pirsicmdang (0@ fos tranbmittng nsiethernithesi angatianly Jeod)etryn(A, BleS)
rotating drufg,d fidpatithrbgH i RidRRRIG HYR BodP@R! ated with said jaw

nmeans (70).

2 - Pliers (10) as claimed in claim 1, wherein the cross-sectional geometry of
each tendon (300, 350) has a first arrangement (A) in which the respective

15 cables (500) are arranged, in cross-section, with their longitudinal axes in a
radial arrangement (A), a second arrangement (B) in which the respective
cables (500) of each tendon (300, 350) are arranged, in cross-section, with
their longitudinal axes in a distribution in a first orientation, and a third
arrangement (C) in which the respective cables (500) of each tendon (300,

20 350) are arranged, in cross section, with their longitudinal axes in a second
orientation, different from the first orientation.

3 - Pliers (10) as claimed in claim 2, wherein said first and second
orientations, of the second and third arrangements (B, C), respectively, form
25 an angle of substantially 90° to each other.

4 - Pliers (10) as claimed in any of the preceding claims, wherein at least one
of said tendons (300, 350, 450) is formed by at least three cables (500).

30 5 - Pliers (10) as claimed in any of the preceding claims, wherein the jaw
means (70) are adapted to be rotated about a first axis (X).

6 - Pliers (10) as claimed in any of the preceding claims, wherein said rotating
body (60) can be rotated about a second axis (Y).

35
7 - Pliers (10) as claimed in any of the claims 5 and 6, wherein said first axis
(X) and said second axis (Y) form an angle of substantially 90° to each other.



59 - Pliers (10) as clained in any claim8, wherein said rotating druns
(81, 82) are adapted to be operated i ndependently each by a respective
tendon (3®0,2087B8)258f said first transm ssion neans (100pcTEPR@0/0RIIIErS (10)
as claimed any of the preceding clains, wherein they conprise nodul es (600)
for changing orientation of the cables (500) form ng each tendon (300,
350), each nodul e (600) being forned by]é5block wi t hin which an el ongated
channel (605) is formed shaped to guide said cables (500) of the
correspondi ng tendon causing a rotation on its orientation.

8 - Pliers (10) as claimed in any of the preceding claims, wherein said rotating
body (60) includes rotating drums (81, 82) that are respectively associated
with said jaw means (70).

9 - Pliers (10) as claimed in any claim 8, wherein said rotating drums (81, 82)
are adapted to be operated independently each by a respective tendon (300,
350) of said first transmission means (100).

10 10 - Pliers (10) as claimed any of the preceding claims, wherein they comprise
modules (600) for changing orientation of the cables (500) forming each
tendon (300, 350), each module (600) being formed by a block within which
an elongated channel (605) is formed shaped to guide said cables (500) of the
corresponding tendon causing a rotation on its orientation.



