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METHOD AND DEVICES FOR at least one mechanical limb comprising : 
HYSTERECTOMY a support segment ; 

a first flexible section extending from the support segment 
RELATED APPLICATIONS and terminating in a coupling section ; and 

5 a second flexible section extending from the coupling 
This application is a Continuation of PCT Patent Appli - section and terminating in a tool or a connector for a tool ; 

cation No . PCT / IL 2015 / 050892 having International filing wherein one or more of the flexible sections is bendable 
date of Sep . 4 , 2015 , which claims the benefit of priority by at least 120° : 
under 35 USC $ 119 ( e ) of U . S . Provisional Patent Applica - wherein a long axis length of the first flexible section is at 
tion Nos . 62 / 045 , 756 and 62 / 045 , 802 both filed on Sep . 4 , 10 least double a maximum extent of the first flexible section 
2014 . perpendicular to a flexible section long axis ; 

This application is also a Continuation of PCT Patent wherein a long axis length of the second flexible section Application No . PCT / IL2015 / 050893 having International is at least double a maximum extent of the second flexible filing date of Sep . 4 , 2015 , which claims the benefit of section perpendicular to a flexible section long axis . priority under 35 USC $ 119 ( e ) of U . S . Provisional Patent 15 According to some embodiments of the invention , one or Application Nos . 62 / 045 , 756 and 62 / 045 , 802 both filed on 
Sep . 4 , 2014 more of the flexible sections is bendable by at least 180° 

According to some embodiments of the invention , the This application is also a Continuation of PCT Patent 
Application No . PCT / IL2015 / 050891 having International flexible sections are bendable to a combined total angle of at 
filing date of Sep . 4 , 2015 , which claims the benefit of 20 least 180° . 
priority under 35 USC $ 119 ( e ) of U . S . Provisional Patent According to some embodiments of the invention , each 
Application Nos . 62 / 045 , 756 and 62 / 045 . 802 both filed on the flexible section is bendable by at least 120° . 
Sep . 4 , 2014 . According to some embodiments of the invention , one or 

The contents of the above applications are all incorpo - more of the flexible sections bendable in a single bending 
rated by reference as if fully set forth herein in their entirety . 25 plane . 

According to some embodiments of the invention , each of 
FIELD AND BACKGROUND OF THE the flexible sections is independently bendable in a single 

INVENTION bending plane . 
According to some embodiments of the invention , one or 

The present invention , in some embodiments thereof , 30 more of the flexible sections is rotatable around a corre 
relates to a method of key - hole surgery and more particu sponding section long axis . larly , but not exclusively , to a method and devices for According to some embodiments of the invention , each of gynecological surgery , for example , of hysterectomy . the flexible sections is independently rotatable around a Background art includes : “ Design of a Compact Robotic 
Manipulator for Single - Port Laparoscopy ” by Claudio Qua - 35 " 35 corresponding section long axis . 
glia et al , Paper No : MD - 13 - 1148 in J . Mech . Des . 136 ( 9 ) , According to an aspect of some embodiments of the 
095001 ( Jun . 13 , 2014 ) and U . S . Pat . No . 5 , 643 , 311 ; present invention there is provided a device sized and 

" An inverse kinematics method for 3D figures with shaped for insertion into a body comprising : 
motion data ” by Taku Komura et al , Proceedings of the at least one mechanical limb comprising : 
Computer Graphics International ( CGI ’ 03 ) ; 40 a support segment ; 
Hubens et al . , 2004 , “ What Have we Learnt after Two a first flexible section extending from the support segment 

Years Working with the Da Vinci Robot System in Digestive and terminating in a coupling section ; and 
Surgery ? ” , Acta chir belg ; a second flexible section extending from the coupling 
Michael Irvine , 2009 , “ Anaesthesia for Robot - Assisted section and terminating in a tool or a connector for a tool ; 

Laparoscopic Surgery ” , Cont Edu Anaesth Crit Care and 45 wherein one or more of the flexible sections is in a single 
Pain ; bending plane ; 

Jeong Rim Lee , 2014 , “ Anesthetic considerations for wherein one or more of the flexible sections is bendable 
robotic surgery ” , Korean Journal of Anesthesiology ; by at least 1200 

Teljeur et al . , 2014 , “ Economic evaluation of robot - According to some embodiments of the invention , each 
assisted hysterectomy : a cost - minimisation analysis ” , 50 the flexible section has : 
BJOG ; a flexible section long axis length ; and 
Box et al . , 2008 , “ Rapid communication : robot - assisted a maximum flexible section extent perpendicular to the 

NOTES nephrectomy : initial report ” , J Endourol ; long axis ; 
DR . Domigo , 2009 , " Overview of current hysterectomy wherein at least one of the flexible sections long axis 

trends ” , Expert Review of Obstetrics & Gynecology ; and 55 length is at least double a maximum flexible section extent 
DR . Kho , “ Vaginal versus laparoscopic hysterectomy ” , perpendicular to the long axis of the at least one of the 

Contemporary OB / GYN Expert Advice , 2013 . flexible sections . 
Additional background art includes U . S . Pat . Nos . 8 , 224 , According to some embodiments of the invention , one or 

485 , 8 , 347 , 754 , 7 , 833 , 156 , 8 , 518 , 024 , International Patent more of the flexible sections is bendable by at least 180° . 
Application Publication No . WO 2010096580 , and Interna - 60 According to some embodiments of the invention , the 
tional Patent Application Publication No . WO 2013116869 . flexible sections are bendable to a combined total angle of at 

least 180° 
SUMMARY OF THE INVENTION According to some embodiments of the invention , each 

the flexible section is bendable by at least 120° . 
According to an aspect of some embodiments of the 65 According to some embodiments of the invention , each of 

present invention there is provided a device sized and the flexible sections is independently unidirectionally bend 
shaped for insertion into a body comprising : able . 
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According to some embodiments of the invention , one or According to some embodiments of the invention , 
more of the flexible sections is rotatable around a section wherein the one or more incision separates the target from 
long axis . surrounding tissue . 

According to some embodiments of the invention , each of According to some embodiments of the invention , 
the flexible sections is independently rotatable around a 5 wherein the one or more incision is made using an electro 
section long axis . surgery tip couplet to the mechanical limb . 

According to an aspect of some embodiments of the According to some embodiments of the invention , treat 
present invention there is provided a method of treatment ing comprising moving the target . 
comprising : According to some embodiments of the invention , mov 

inserting a mechanical limb into a body , where the limbong the limh 10 ing comprises removing the target from the body . 
According to some embodiments of the invention , treat comprises at least two flexible portions ; ing comprises securing the target to one or more portion of bending the jointed mechanical limb within the body at user tissue . two or more of the flexible sections to contact a target , such According to some embodiments of the invention , the that a sum of angles between adjacent effective segment long 15 segment long 15 target is an organ or a portion of an organ . According to 

axes , in at least one three dimensional plane , is at least 120° ; some embodiments of the invention , target is a uterus . 
and According to some embodiments of the invention , the 

treating the target with the mechanical limb . method comprises moving a portion of body tissue away 
According to some embodiments of the invention , insert - from the target . 

ing comprises inserting more than one the mechanical limb 20 According to an aspect of some embodiments of the 
into the body ; present invention there is provided a method of treatment 
wherein the bending comprises bending at least one of the comprising : 

jointed mechanical limbs within the body such that a sum of inserting a mechanical limb into a body through an 
angles between adjacent effective segment long axes , in at entrance point in the body , where the limb comprises at least 
least one three dimensional plane , is at least 120° ; and 25 two flexible portions ; 

treating comprises treating the target with the mechanical bending the jointed mechanical limb within the body at 
limbs . two or more of the flexible sections to contact a target , such 

According to some embodiments of the invention , insert that a length of the limb within the body measured as a sum 
ing is through an incision . According to some embodiments of long axis lengths of portions of the limb is at least double 
of the invention , inserting comprises inserting the more than 30 re than 30 a distance between the target and the entrance point ; 

treating the target with the mechanical limb . one mechanical limb through a single incision . 
According to some embodiments of the invention , bend According to some embodiments of the invention , the 

entrance point is an entrance to a vagina . According to some ing of at least one the mechanical limb is to contact a target embodiments of the invention , the entrance point is an from an access direction where the access direction is 101 15 35 entrance to a uterus . different by at least 90° from a direction of limb entry into According to an aspect of some embodiments of the the body . According to some embodiments of the invention , present invention there is provided a method of hysterec 
bending of at least one the mechanical limb comprises tomy comprising : 
bending the mechanical limb around one or more obstacle inserting a device comprising at least one mechanical 
between the target and the insertion point . 40 limb into a body through an incision in a vaginal cavity ; 

According to some embodiments of the invention , the bending the at least one mechanical limb within the body 
target is a portion of an organ and an obstacle is a different around 30 % of a largest dimension of a uterus to access the 
portion of the organ . uterus from outside the uterus ; 

According to some embodiments of the invention , bend - separating the uterus from surrounding tissue using the 
ing comprises bending the mechanical limb between an 45 mechanical limb ; and 
obstacle and the target to access the target . removing the uterus through the incision . 

According to some embodiments of the invention , insert According to some embodiments of the invention , insert 
ing is through a natural orifice . According to some embodi - ing comprises inserting more than one mechanical limb into 
ments of the invention , the natural orifice is a vagina . a body through the incision in the vaginal cavity ; 
According to some embodiments of the invention , the insert - 50 wherein the separating comprises separating the uterus 
ing is through an incision in the natural orifice . According to from surrounding tissue using more than one mechanical 
some embodiments of the invention , natural orifice is a limb simultaneously . 
vagina and the incision is in a posterior fornix of the vagina . According to some embodiments of the invention , the 
According to some embodiments of the invention , the insert - mechanical limb comprises : 
ing is through a natural channel in the natural orifice . 55 a support segment ; 
According to some embodiments of the invention , the insert - a first flexible section coupled to the support segment ; and 
ing is through an incision in the natural channel . a second flexible section coupled to a distal end of the 

According to some embodiments of the invention , the flexible first section . 
bending comprises : According to some embodiments of the invention , the 
measuring movement of at least one portion of an input 60 incision is in a posterior fornix wherein the inserting is into 

object ; a Pouch of Douglas . 
mapping the measured input object portion movement to According to some embodiments of the invention , the 

a mechanical limb portion movement ; mechanical device includes one or more electrosurgery tip 
moving the mechanical limb portion according to mapped coupled to the mechanical limb ; and 

measured movements . 65 wherein the separating is using electrosurgery . 
According to some embodiments of the invention , the According to some embodiments of the invention , the 

treating comprises making one or more incision . removing is through a vaginal cavity . 
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According to some embodiments of the invention , the coupled by a connecting section ; wherein each connecting 
method comprises inflating an abdominal cavity . section can bend by at least 45° , into a body ; bending the 

According to some embodiments of the invention , inflat jointed mechanical limb within the body at two or more the 
ing is through the incision in the posterior fornix . According connecting sections to contact a target , such that a sum of 
to some embodiments of the invention , inflating is through 5 angles between , adjacent segment long axes , in at least one 
an incision in a fallopian tube . three dimensional plane , is at least 90° ; and treating the 

According to an aspect of some embodiments of the target with the mechanical limb . present invention there is provided a device for incision According to an aspect of some embodiments of the comprising : present invention there is provided a method of hysterec a device body sized and shaped to arrange patient tissue 10 tomy comprising : inserting a device comprising at least one with a desired incision region of the tissue at a cutting edge mechanical limb into a body through an incision in a vaginal disposed on the device body ; and cavity ; bending the at least one mechanical limb within the an outlet disposed on the device body coupled to a suction 
element for increasing a pressure between the user anatomy body around a uterus to access the uterus from outside the 
and the device body uterus ; separating the uterus from surrounding tissue using 

According to an aspect of some embodiments of the the mechanical limb ; and removing the uterus through the 
present invention there is provided a method of incision incision . 
comprising : According to an aspect of some embodiments of the 

approximating a cutting portion to patient tissue at a present invention there is provided a device for incision 
desired incision position ; 20 comprising : a device body sized and shaped to seal against 

increasing pressure between the cutting portion and the a patient anatomy ; a cutting portion disposed on the device 
patient tissue ; body ; and an outlet coupled to a suction element for increas 
measuring pressure between the patient flesh and the ing a pressure between the user anatomy and the device 

device ; body . 
reducing pressure between the device contacting the 25 According to an aspect of some embodiments of the 

patient flesh and the patient flesh upon a reduction in present invention there is provided a method of incision 
measured pressure indicating an incision . comprising : approximating a cutting portion to patient tissue 

According to an aspect of some embodiments of the at a desired incision position , increasing pressure between 
present invention there is provided a uterus manipulator the cutting portion and the patient tissue ; measuring pressure 
comprising : 30 between the patient flesh and the device ; reducing pressure 

a portion sized and shaped for insertion into a uterus ; between the device contacting the patient flesh and the 
an elongated device body coupled to the portion for patient flesh upon a reduction in measured pressure indicat 

control of a portion position with respect to the elongated ing an incision . 
device body ; According to an aspect of some embodiments of the 

wherein the elongated device body is adapted to attach to 35 present invention there is provided a uterus manipulator 
a portion of a cervix . comprising : a portion sized and shaped for insertion into a 

According to an aspect of some embodiments of the uterus ; an elongated device body coupled to the portion for 
present invention there is provided a surgical system com control of a portion position with respect to the elongated 
prising : device body ; wherein the elongated device body is sized and 

at least one mechanical arm ; and 40 shaped such that when the portion is within the uterus the 
a retractor tool ; elongated device body is disposed within the vagina such 
wherein the retractor tool is extendable away from the one that there is an channel within the vagina between a vaginal 

or more mechanic arm . opening and a vagina posterior fornix . 
According to some embodiments of the invention , the According to an aspect of some embodiments of the 

system comprises a motor unit ; wherein the retractor tool 45 present invention there is provided a device sized and 
and the mechanical arm are actuated by the motor unit . shaped for insertion into a body comprising : 
According to some embodiments of the invention , the at least one mechanical limb comprising : 
retractor tool and the mechanical arm are coupled to a a support segment ; 
support . According to some embodiments of the invention , a first flexible section extending from the support segment 
the retractor tool is coupled to the mechanical arm . 50 and terminating in a coupling section , and 

According to an aspect of some embodiments of the a second flexible section extending from the coupling 
present invention there is provided a mechanical limb sized section and terminating in a tool or a connector for a tool ; 
and shaped for insertion into a body comprising : a chain of wherein a long axis of one or more of the flexible sections 
rigid segments where a length of at least one rigid segment is bendable in a single bending plane ; 
long axis is at least double a maximum extent of the segment 55 wherein a long axis length of the first flexible section is at 
perpendicular to the long axis ; a plurality of flexible con - least double a maximum extent of the first flexible section 
necting sections where adjacent segment pairs are each perpendicular to a flexible section long axis ; 
coupled by a connecting section ; wherein each connecting wherein a long axis length of the second flexible section 
section can bend by at least 45° . is at least double a maximum extent of the second flexible 

According to an aspect of some embodiments of the 60 section perpendicular to a flexible section long axis . 
present invention there is provided a method of treatment According to an aspect of some embodiments of the 
comprising : inserting a mechanical limb , sized and shaped present invention there is provided a device sized and 
for insertion into a body comprising : a chain of rigid shaped for insertion into a body comprising : 
segments where a length of at least one rigid segment long at least one mechanical limb comprising : 
axis is at least double a maximum extent of the segment 65 a support segment ; 
perpendicular to the long axis ; a plurality of flexible con - a first flexible section extending from the support seg 
necting sections where adjacent segment pairs are each ment ; and terminating in a coupling section ; 
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a second flexible section extending from the coupling wherein the controller controls movement of the one or 
section and terminating in a tool or an connector for a tool ; more portions of the device limb based on movement of the 
and at least one portion of the input device limb . 

a control portion comprising at least one flexible torque According to an aspect of some embodiments of the 
transfer portion and coupled to the second flexible section , 5 present invention there is provided an input device for 
rotation of the control portion thereby rotating the second control of a surgical device comprising : 
flexible section ; at least one articulated limb which limb comprises a 
wherein the control portion passes through a hollow plurality of sequentially coupled portions ; 

portion of the first flexible section , the flexible torque at least one sensor configured to generate an indication of 
transfer portion is disposed within the first flexible portion , a relative position of at least a portion of the articulated 
bending of the first flexible portion thereby bending the limb with respect to another portion of the articulated 
torque transfer portion . limb ; 
According to an aspect of some embodiments of the a processor configured to generate , from the sensed posi 

present invention there is provided a device sized and 15 tions , motor control signals , for control of a surgical 
shaped for insertion into a body comprising : device . 

at least one mechanical limb comprising a portion com According to an aspect of some embodiments of the 
prising present invention there is provided a method of jointed 

a support segment ; device movement inside a body comprising : 
a first flexible section extending from the support segment 20 measuring movement of at least one input object portion ; 

and terminating in a coupling section ; and mapping the measured input object portion movement to 
a second flexible section extending from the coupling a jointed device portion movement ; 

section ; moving the device portion according to mapped measured 
wherein the first flexible section comprises bendable movements . 

torque transfer section ; According to an aspect of some embodiments of the 
wherein a long axis of the second flexible section is present invention there is provided an input device for 

bendable in a single bending plane . control of a surgical device comprising : 
According to an aspect of some embodiments of the at least one articulated limb which limb comprises a 

present invention there is provided a grasper comprising : plurality of sequentially coupled portions ; 
at least two opposing portions coupled at a joint ; 30 a plurality of locking mechanisms each locking mecha 
a torque element coupled to the opposing portions ; nism for preventing relative movement of between two 
wherein application of torque in a first direction to the sequentially coupled portions ; 

torque element screws the torque element towards the first at least one sensor providing a signal relating to a level of 
and second opposing portions , increasing a separation contact of a user with the input device ; 
between the portions ; a processor configured to : 

wherein application of torque in a second direction to the detect from the signal an insufficient level of contact ; 
torque element screws the torque element away from the send , upon detection of an insufficient level of contact , a 
first and second opposing portions , decreasing a separation single control signal instructing locking of the plurality 
between the portions . of locking mechanisms . 

According to an aspect of some embodiments of the 40 According to an aspect of some embodiments of the 
present invention there is provided a surgical system com - present invention there is provided a surgical system , com 
prising : prising : 

at least one mechanical limb sized and shaped for inser circuitry which analyses images collected by an imager to 
tion into a body ; provide measurement of movement of joints of a user limb ; 

one or motor coupled to the limb for moving one or more 45 a device sized and shaped for insertion into a body , which 
part of the limb ; and device comprising a first device limb ; 

a processor configured to : at least one controller for moving joints of the device limb 
receive measurement of movement of input object ; based on the measured movement . 
generate a motor control signal based on the measured According to an aspect of some embodiments of the 

input object movement ; and 50 present invention there is provided a method of jointed 
send the motor control signal to the one or more motor mechanism movement , comprising : 

thereby controlling movement of the at least one measuring user limb movements and a user finger move 
mechanical limb . ments simultaneously ; 

According to an aspect of some embodiments of the present mapping the measured user limb movements to a device 
invention there is provided a surgical system comprising : 55 limb and the measured user finger movements to a device 

a surgical device sized and shaped for insertion into a limb tool ; 
human body comprising at least one articulated limb , which moving the device limb according to the mapped move 
limb comprises a plurality of sequentially coupled surgical ments ; 
device portions ; actuating the device limb tool according to the user finger 

an input device , comprising at least one articulated limb , 60 movements ; 
which limb comprises a plurality of sequentially coupled wherein the moving and the actuating are simultaneous . 
input device portions ; and According to an aspect of some embodiments of the 

a controller which controls movement of one or more present invention there is provided a method of control of a 
portion of the surgical device articulated limb ; surgical system including a surgical device comprising : 

wherein at least one portion of the input device limb 65 measuring movement of at least one user body portion ; 
corresponds to one or more portions of the surgical device detecting , from the measured movement , a system control 
limb ; gesture surgical device control movements ; 

35 
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controlling the surgical device based on detected surgical FIG . 7 is a simplified schematic side view of a device 
device control movements , or changing a state of the sur - including more than two arms , according to some embodi 
gical system , based on a stored system state transition ments of the invention ; 
associated with the detected control gesture ; FIG . 8 is a simplified schematic block diagram of a 

wherein the system includes a plurality of states , of 5 surgical system , according to some embodiments of the 
measured movement of an input object for control of move invention ; 
ment of the surgical . FIG . 9A is a simplified schematic of a device including a 

Unless otherwise defined , all technical and / or scientific plurality of arms and a camera , according to some embodi 
ments of the invention ; terms used herein have the same meaning as commonly 

understood by one of ordinary skill in the art to which the 10 FIG . 9B is a simplified schematic of a device including a 
invention pertains . Although methods and materials similar plurality of arms and a camera , according to some embodi 

ments of the invention ; or equivalent to those described herein can be used in the FIG . 9C is a simplified schematic of a device including a practice or testing of embodiments of the invention , exem plurality of arms and a camera bent at a device shoulder 
plary methods and / or materials are described below . In case low . In case 15 joint , according to some embodiments of the invention ; 
of conflict , the patent specification , including definitions , FIG . 9D is a simplified schematic of a device including a 
will control . In addition , the materials , methods , and plurality of arms and a camera bent at a device shoulder 
examples are illustrative only and are not intended to be joint , according to some embodiments of the invention ; 
necessarily limiting . FIG . 10A is a simplified schematic of a device including 

20 a plurality of arms and a camera , according to some embodi 
BRIEF DESCRIPTION OF THE SEVERAL ments of the invention ; 

VIEWS OF THE DRAWINGS FIG . 10B is a simplified schematic side view of part of a 
motor unit for actuation of a device including more than two 

Some embodiments of the invention are herein described , arms , according to some embodiments of the invention ; 
by way of example only , with reference to the accompanying 25 FIG . 11A is a simplified schematic view of a system 
drawings and images . With specific reference now to the where a device is held by a support , according to some 
drawings and images in detail , it is stressed that the particu - embodiments of the invention ; 
lars shown are by way of example and for purposes of FIG . 11B is a simplified schematic view of a system 
illustrative discussion of embodiments of the invention . In where a device is held by a support , according to some 
this regard , the description taken with the drawings and 30 embodiments of the invention ; 
images makes apparent to those skilled in the art how FIG . 12 is a simplified schematic side view of a system 
embodiments of the invention may be practiced . including a device with two arms held by a support , and 

In the drawings : coupled to an operating surface , according to some embodi 
FIG . 1A is a simplified schematic side view of a surgical ments of the invention ; 

device including a plurality of arms , according to some 35 FIG . 13 is a simplified schematic side view of a system 
embodiments of the invention ; including a port coupled to an operating surface by a 

FIG . 1B is a simplified schematic of a device including a support , according to some embodiments of the invention ; 
plurality of arms , according to some embodiments of the FIG . 14 is a simplified schematic side view of a system 
invention ; including a port support and a device support , according to 
FIGS . 1C - D are simplified schematic side views of 40 some embodiments of the invention ; 

mechanical arms , according to some embodiments of the FIG . 15 is a simplified schematic of a device , held by a 
invention ; support , according to some embodiments of the invention ; 

FIG . 2A is a simplified schematic side view of a mechani - FIG . 16 is a flowchart of a method of use of a device , 
cal arm , according to some embodiments of the invention ; according to some embodiments of the invention ; 

FIG . 2B is a simplified schematic of two segments con - 45 FIG . 17A is a simplified schematic of a single incision in 
nected by a joint , according to some embodiments of the a patient , according to some embodiments of the invention ; 
invention ; FIG . 17B is a simplified schematic of multiple incisions 

FIG . 2C shows illustrations of possible limb positions , in a patient , according to some embodiments of the inven 
and / or movement of a device with time , according to some tion ; 
embodiments of the invention ; 50 FIG . 17C is a simplified schematic of an incision in a 

FIG . 3 is a simplified schematic side view of a hand patient , according to some embodiments of the invention ; 
segment , according to some embodiments of the invention ; FIG . 18 is a simplified schematic of a device inserted 

FIG . 4A is a simplified schematic side view of a device through a natural orifice performing surgery , according to 
where device humanoid proportions are illustrated by com some embodiments of the invention ; 
parison to a simplified schematic of a human upper body , 55 FIG . 19 is a simplified schematic of an arm with nested 
according to some embodiments of the invention ; segment extensions , according to some embodiments of the 

FIG . 4B is a simplified schematic side view of a mechani - invention ; 
cal arm , according to some embodiments of the invention ; FIG . 20 is a simplified schematic of an arm , including a 

FIG . 5A shows illustrations of possible device positions , segment extension 2024E with a bendable torque transfer 
and / or movement of a device with time , according to some 60 portion , according to some embodiments of the invention ; 
embodiments of the invention ; FIG . 21 is a simplified schematic of a torque transfer 

FIGS . 5B - D are simplified schematic side views of a element according to some embodiments of the invention ; 
mechanical arm , according to some embodiments of the FIG . 22 is a torque transfer portion spreading pattern , 
invention ; according to some embodiments , of the invention ; 

FIG . 6 is a simplified schematic side view of a device 65 FIG . 23 is a simplified schematic side view of a straight 
including a plurality of arms , according to some embodi - torque transfer portion with a first and a second link , 
ments of the invention ; according to some embodiments of the invention ; 
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FIG . 24 is a simplified schematic side view of a bent FIG . 40 is a simplified schematic side view of a motor unit 
torque transfer portion with two links , according to some for actuation of a device including mechanical arms , accord 
embodiments of the invention ; ing to some embodiments of the invention ; 

FIG . 25 is a simplified schematic side view of a straight FIG . 41 is a simplified side view of a portion of a motor 
torque transfer portion with plurality links , according to 5 unit including elements for electrical supply to an end 
some embodiments of the invention ; effecter , according to some embodiments of the invention . 

FIG . 26 is a simplified schematic side view of a bent FIG . 42A is a simplified schematic block diagram of a 
torque transfer portion with a plurality of links , according to control system , according to some embodiments of the 
some embodiments of the invention ; invention ; 

FIG . 27 is a simplified schematic of a straight joint FIG . 42B is a flow chart of a method of control of a device 
including two links , according to some embodiments of the arm , according to some embodiments of the invention ; 
invention ; FIG . 43 is a photograph of a user controlling a surgical 

FIG . 28 is a simplified schematic of a joint including two device using an input device , according to some embodi 
links , where the links are rotated about a joint long axis , 15 ments of the invention ; 
according to some embodiments of the invention ; FIG . 44A is a simplified schematic illustrating use of a 

FIG . 29 is a side view of a joint including a plurality of surgical system , according to some embodiments of the 
links , where the links are rotated about a joint long axis , invention ; 
according to some embodiments of the invention ; FIG . 44B and FIG . 44C are simplified schematics of a 

FIG . 30 is a simplified schematic side view of a joint 20 surgical system , according to some embodiments of the 
including a plurality of links , where a plurality of links invention ; 
include guiding rings , according to some embodiments of FIG . 45A is a simplified schematic side view of an input 
the invention ; device arm , according to some embodiments of the inven 

FIG . 31A is a simplified schematic cross sectional view of tion ; 
an arm with nested segment extensions , according to some 25 FIG . 45B is a simplified schematic side view of a surgical 
embodiments of the invention ; device arm , according to some embodiments of the inven 

FIG . 31B is a simplified schematic of a side view of a tion : 
portion of an arm , according to some embodiments of the FIG . 45C is a simplified schematic side view of an input 
invention ; device arm , according to some embodiments of the inven 

FIG . 31C is a simplified schematic cross sectional view of 30 tion . 
an arm with nested segment extensions , according to some FIG . 45D is a simplified schematic side view of an input embodiments of the invention ; device arm including a handle , according to some embodi FIG . 32 is a simplified schematic cross sectional view of ments of the invention ; an exemplary arm with nested segment extensions , accord 
ing to some embodiments of the invention ; 35 FIG . 45E is a simplified schematic side view of an input 

FIG . 33A is a simplified schematic of a hand tool coupled device arm including a handle , according to some embodi 
to a radius , coupled to a radius segment extension , according ments of the invention ; 
to some embodiments of the invention ; FIG . 45F is a simplified schematic side view of an input 

FIG . 33B is a simplified schematic cross sectional view of device arm including an extended handle , according to some 
a portion of a radius extension , according to some embodi - 40 embodiments of the invention ; 
ments of the invention ; FIG . 45G is a simplified schematic side view of an input 

FIG . 33C is a simplified schematic cross sectional view of device , according to some embodiments of the invention ; 
a portion of a radius extension , according to some embodi - FIGS . 46A - C are simplified schematic side views of a 
ments of the invention ; portion of an input device arm including a connection 

FIG . 34A is a simplified schematic side view of a device 45 between input device segments in different configurations , 
arm portion including a humerus coupled to a humerus according to some embodiments of the invention ; 
extension , according to some embodiments of the invention ; FIG . 46D is a simplified schematic side view of an input 

FIG . 34B is a simplified schematic cross sectional view of device arm connecting portion including a locking element 
a humerus coupled to a humerus extension , according to in an unlocked configuration , according to some embodi 
some embodiments of the invention ; 50 ments of the invention ; 

FIG . 35A is a simplified schematic side view of a shoulder FIG . 46E is a simplified schematic side view of a portion 
joint coupled to a torso , according to some embodiments of of an input device arm connecting portion including a 
the invention ; locking element in a locked configuration , according to 

FIG . 35B is a simplified schematic cross sectional view of some embodiments of the invention ; 
a shoulder joint coupled to a torso , according to some 55 FIG . 46F is a simplified schematic side view of an input 
embodiments of the invention ; device arm connecting portion including a locking mecha 

FIG . 36A is a simplified schematic of a closed grasper nism , according to some embodiments of the invention ; 
hand tool , according to some embodiments of the invention ; FIG . 47A is a series of photographic illustrations showing 

FIG . 36B is a simplified schematic of an open grasper movement of a user and of a device arm , according to some 
hand tool , according to some embodiments of the invention ; 60 embodiments of the invention ; 

FIG . 37 is a simplified schematic of a closed grasper hand FIG . 47B illustrates control of a device arm using motion 
tool , according to some embodiments of the invention ; capture technology , according to some embodiments of the 

FIG . 38 is a simplified schematic of a gripper hand tool , invention ; 
according to some embodiments of the invention ; FIG . 48 is a simplified schematic of exemplary system 

FIG . 39 is a simplified schematic side view of an actuation 65 modes , according to some embodiments of the invention ; 
mechanism for control of a mechanical limb joint , according FIG . 49A is a simplified schematic of an open user hand , 
to some embodiments of the invention ; according to some embodiments of the invention ; 
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FIG . 49B is a simplified schematic of a portion of a device FIG . 62 is a cross sectional view of a cervix and a portion 
arm including a hand tool where the hand tool is in an open of a vagina and a simplified schematic side view of a portion 
position , according to some embodiments of the invention ; of a uterus manipulator , according to some embodiments of 

FIG . 49C is a simplified schematic of a closed user hand , the invention ; 
according to some embodiments of the invention ; 5 FIG . 63 is a cross sectional view of a cervix and a portion 

FIG . 49D is a simplified schematic of a portion of a device of a vagina and a simplified schematic side view of a portion 
arm including a hand tool where the hand tool is in a closed of a uterus manipulator , according to some embodiments of 
position , according to some embodiments of the invention ; the invention ; FIG . 49E is a series of photographic illustrations showing FIG . 64 is a flow chart of a method of incision , according exemplary control of a device hand using measured user 10 + to some embodiments of the invention ; hand position , according to some embodiments of the inven FIG . 65 is a simplified side view of an incision element , tion ; 

FIG . 50 is a flow chart of a method of treatment , accord according to some embodiments of the invention ; 
FIG . 66 is a cross sectional view of a portion of a female ing to some embodiments of the invention ; 

FIG . 51 is a flow chart of a method of hysterectomy , 15 anatomy and a simplied sc 15 anatomy and a simplified schematic side view of an incision 
according to some embodiments of the invention ; element placed over a uterine neck , according to some 

FIG . 52A is a cross sectional view of a female and embodiments of the invention ; 
simplified schematic side view of a device inserted through FIG . 67 is a cross sectional view of a portion of a uterus , 
the vagina , according to some embodiments of the inven - a fallopian tube and a side view of an incision device , 
tion ; 20 according to some embodiments of the invention ; 

FIG . 52B is a cross sectional view of a female and FIG . 68 is a cross sectional view of a portion of a uterus , 
simplified schematic side view of a device inserted through and a side view of an incision device entering the abdomen 
the vagina , according to some embodiments of the inven through an incision in a fallopian tube , according to some 
tion ; embodiments of the invention ; 

FIG . 53 is a flow chart of methods of hysterectomy , 25 FIG . 69 is a simplified schematic side view of a tip of an 
according to some embodiments of the invention ; incision device , according to some embodiments of the 

FIG . 54A is a simplified schematic of a device accessing invention ; 
a target by bending around an obstacle , according to some FIG . 70 is a side view of an incision device in a second 
embodiments of the invention ; configuration , according to some embodiments of the inven 

FIG . 54B is a simplified schematic of a device accessing 30 tion ; 
a target portion of an organ by bending around the organ , FIG . 71A is a side view of an exemplary tool for holding 
according to some embodiments of the invention ; and / or pushing user tissue , in a substantially closed configu 

FIG . 54C is a simplified schematic of a device accessing ration , according to some embodiments of the invention ; 
a target portion of an organ by bending around the organ , FIG . 71B is a side view of an exemplary tool for holding 
according to some embodiments of the invention ; 35 and / or pushing user tissue , according to some embodiments 

FIG . 55A is a simplified schematic of a device bending of the invention ; 
within a body to access a target , according to some embodi FIG . 71C is a side view of an exemplary tool for holding 
ments of the invention ; and / or pushing user tissue , according to some embodiments 

FIG . 55B is a simplified schematic of a device bending of the invention ; 
within a body to access a target , according to some embodi - 40 FIG . 71D is a side view of an exemplary tool for holding 
ments of the invention ; and / or pushing user tissue , in a substantially open configu 

FIG . 56A is a sectional view of a portion of a female ration , according to some embodiments of the invention ; 
abdominal anatomy and a simplified schematic side view of FIG . 72 is a simplified schematic side view of a method 
a device , according to some embodiments of the invention ; of constructing a surgical zone during a treatment , according 

FIG . 56B is a simplified view of a portion of a female 45 to some embodiments of the invention . 
abdominal anatomy and a simplified schematic side view of FIG . 73 is a simplified schematic side view of a retractor 
a device , according to some embodiments of the invention ; and device including mechanical arms , according to some 

FIG . 57 is a simplified schematic of a device accessing a embodiments of the invention ; 
target which is a posterior portion of the liver , according to FIG . 74A is a simplified schematic side view of a port , 
some embodiments of the invention ; 50 according to some embodiments of the invention ; 

FIG . 58 is a simplified schematic cross sectional view of FIG . 74B is a simplified schematic cross sectional view of 
a uterus manipulator of the art inserted into a uterus ; female anatomy including a cervix and vaginal walls ; 

FIG . 59 is a simplified schematic cross sectional view of FIG . 74C is a simplified schematic cross sectional view of 
a uterus manipulator inserted into a uterus , according to the port of FIG . 74A , inserted into a vagina , according to 
some embodiments of the invention ; 55 some embodiments of the invention ; 

FIG . 60A is a simplified schematic side view of a uterus FIG . 75A is a simplified schematic cross sectional view of 
manipulator , according to some embodiments of the inven - a portion of a port and a portion of a uterus manipulator , 
tion ; according to some embodiments of the invention ; 

FIG . 60B is a simplified schematic side view of a uterus FIG . 75B is a simplified schematic side view of a portion 
manipulator , according to some embodiments of the inven - 60 of a uterus manipulator , according to some embodiments of 
tion ; the invention ; 

FIG . 60C is a simplified schematic side view of a uterus FIG . 75C is a simplified schematic side view of a uterus 
manipulator , according to some embodiments of the inven manipulator 7524 , according to some embodiments of the 
tion ; invention ; 

FIG . 61 is a cross sectional view of a cervix and a 65 FIG . 75D is a top view of a cup element partially 
simplified schematic side view of a uterus manipulator surrounding a cervix 7518 , according to some embodiments 
coupling , according to some embodiments of the invention ; of the invention ; 
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FIG . 75E is a top view of a cup element surrounding a segment pair and a second angle between long axes of a 
cervix , according to some embodiments of the invention ; different segment pair is at least 180° . Where adjacent 

FIG . 76A is a simplified schematic cross sectional view of segment pairs are defined as segments directly coupled by a 
a port within a female anatomy in an unexpanded configu - flexible section . 
ration , according to some embodiments of the invention ; 5 In some embodiments , each flexible portion is indepen 

FIG . 76B is a simplified schematic cross sectional view of dently rotatable about a flexible portion long axis . 
a port within a female anatomy in an expanded configura A broad aspect of some embodiments of the invention 
tion , according to some embodiments of the invention ; relates to a method of treatment ( e . g . endoscopic surgery ) , 

FIG . 77 is a photographic illustration of a device operat - where a device including at least one jointed mechanical 
ing on a swine uterus mounted inside a model human 10 limb is inserted into a body ( e . g . a patient ) , optionally 
abdomen , according to some embodiments of the invention ; through an incision , where the limb bends within the body 

FIG . 78 is a simplified schematic view during hysterec - to access and treat a target ( e . g . a body organ ) . In some 
tomy on a swine cadaver , according to some embodiments embodiments , the ability of the limb to bend within the body 
of the invention ; and is used to compensate for insertion direction sub - optimality . 

FIG . 79 is a simplified schematic view during hysterec - 15 In some embodiments , bending of the flexible limb por 
tomy on a female human cadaver , according to some tions , is such that a direction in which the device contacts 
embodiments of the invention . and / or accesses the target is different ( e . g . at least 90° larger 

or smaller than , in at least one 3D plane ) from a direction of 
DESCRIPTION OF SPECIFIC EMBODIMENTS device entry into the body . 

OF THE INVENTION 20 In some embodiments , bending of the flexible limb por 
tions , is when at least two joint angles are each larger than 

The present invention , in some embodiments thereof , 0° , where joint angles are measured as the angle between 
relates to a method of key - hole surgery and more particu coupled device segment ( and / or effective segment ) long 
larly , but not exclusively , to a method and devices for of axes . In some embodiments , bending of the limb is such that 
gynecological surgery , for example , hysterectomy . 25 a sum of all limb joint angles is more than 0° , 10° or more , 
Overview 45° or more , or 90° or more , or 180° or more or 360° or 

A broad aspect of some embodiments of the invention more . 
relates to a surgical device for insertion into a body includ In some embodiments , bending of the limb is such that a 
ing at least one mechanical limb where the limb is suffi direction of device entry into the body is different ( e . g . at 
ciently flexible such that the device is able to bend to access 30 least 10° larger or smaller , at least 45° larger or smaller , at 
a target from a different direction to a direction of insertion least 90° larger or smaller ) from a direction of a straight line 
of the mechanical limb . connecting the target to the incision . 

In some embodiments , a surgical device limb includes at In some embodiments , a device including one or more 
least two flexible portions where , in some embodiments , at limb accesses a target by bending around an obstacle . For 
least one of the portions is bendable ( flexion / extension ) by 35 example , one or more limb bends in a path which curves 
at least 120° , or by at least 90 , or by at least 100° , or by at away from a straight line between the insertion point and the 
least 140° , or by at least 160° , or by at least 180° , or by at target ( e . g . the path not passing through the target , e . g . where 
least 190° , or by at least 200° , or by at least 210° or lower the obstacle is between a point of insertion of the device and 
or higher or intermediate angles . In some embodiments , the target ) . In some embodiments , a device includes more 
bending of two flexible limb sections is of a combined angle 40 than one limb . In some embodiments , device limbs approach 
of at least 180° . In some embodiments , one or more flexible a target from the same direction , in some embodiments , 
portion is maximally bendable by 400° , 350° , 300° , or 270° . device limbs approach a target from different directions , e . g . 
In some embodiments , a limb is maximally bendable by with an access direction difference of up to 20° , 20° or more , 
400° , 350° , 300° , or 270° . or 45° or more , or 90° or more , or 180° or more or 270° or 

In some embodiments , device limb flexible portion / s are 45 more . 
long where , a long axis length of at least one flexible section In some embodiments , the target is a portion of an organ 
is at least double , or at least 1 . 5 times , or at least 3 times , or and the obstacle is a different portion of the organ . For 
at least 4 times , or at least 5 times , or at least 8 times or at example , in some embodiments , a target region is at the back 
least 10 times , a maximum extent of the flexible section of an organ and the device is inserted through an incision in 
perpendicular to the flexible section long axis . 50 front of the organ . As the device is introduced , one or more 

An aspect of some embodiments of the invention relates part of the device bends around the organ , to access the 
to a surgical device including at least one limb for insertion target at the back of the organ , “ hugging ” the organ , for 
into a body , where the limb includes flexible portions which example , the device contacting and / or encircling 10 - 100 % , 
are unidrectionally bendable and is highly bendable ( e . g . or 20 - 90 % , or 50 - 90 % , or lower or higher or intermediate 
large possible angle of flexion and / or extension ) . 55 ranges or percentages of a circumference of the organ . 

In some embodiments , a surgical device limb includes at In some embodiments , bending of the device including 
least two independently unidirectionally bendable flexible one or more limb within the body is to access a target 
portions where , in some embodiments , at least one of the underneath ( e . g . deeper within the body ) an obstacle , where 
portions is bendable ( flexion / extension ) by at least 120° , or a shortest straight line drawn between the target and the 
by at least 90 - 180° , or by at least 100 - 120° , or lower or 60 body surface ( e . g . skin surface ) passes through the obstacle . 
higher or intermediate angles . In some embodiments , bend - For example , in some embodiments , the ribcage is an 
ing of two flexible limb sections is of a combined angle of obstacle ( e . g . an obstacle to organs under the ribcage ) , and 
at least 180° . Where , for example , a sum of a first angle thoracic surgery is performed by inserting a device through 
between long axis tangents at ends of a first flexible section an abdominal incision . In an exemplary embodiment , the 
and a second angle between long axis tangents at ends of a 65 device inserted into the abdominal incision follows a path 
first flexible section are at least 180° . Where , for example , under the ribs , bending from a position under the ribs to 
a sum of a first angle between long axes of an adjacent access a target inside the ribcage . 
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In some embodiments , a mechanical device is inserted into the body , e . g . a segment bending as it is inserted and / or 

into a patient from a direction which is not substantially previously inserted segments bending as successive seg 
from above , for example , where an angle of insertion of the ments are inserted . In some embodiments , a straight device 
device with respect to the vertical is more than 75º , or more is inserted into the body and once the device is inserted it 
than 90° , 75 - 175° ( where angles of over 90° correspond to 5 bends e . g . by actuation of the device portions and / or under 
an angle of insertion from a direction underneath the patient friction between the device and patient tissue within the 
when the patient is in a supine or prone position ) . In some body . In some embodiments , a device with one or more 
embodiments , the mechanical device is inserted into the folded portion is inserted into the body and bends to unfold . 
patient laterally , for example between the patient legs e . g . An aspect of some embodiments of the invention relates 

to a method of hysterectomy through the vagina . In some into a patient through a pelvic outlet . embodiments , a device is inserted through an incision made In some embodiments , images guide a user performing in the vagina . In an exemplary embodiment , a device is the treatment . For example , images acquired by a camera inserted through an incision in the vagina posterior fornix inserted with the mechanical device . In some embodiments , into the Pouch of Douglas . In some embodiments , one or the camera is mounted on ( e . g . at a distal end of ) a bendable more portion of the device bends around the uterus to 
mechanical limb , where , for example , the camera structure 15 perform surgery on the uterine area ( e . g . uterus , vagina . 
and / or flexibility is as described above for mechanical cervix , tissue surrounding the uterus , fallopian tube / s , 
device limb / s . In some embodiments , images collected by ovary / s ) . In some embodiments , one or more portion of the 
other imaging methods e . g . MRI , CT , ultrasound etc . ( e . g . device bends to access the uterus from the outside of the 
previously acquired images ) are used to guide treatment . uterus , e . g . as device entrance through the posterior fornix is 
An aspect of some embodiments of the invention relates 20 in a direction away from the uterus . In some embodiments , 

to a method of treatment where one or more mechanical the device enters the abdominal cavity at the base of the 
device limb within a patient body follows a long path , where uterus , closer to the cervix than the fundus and bends , to 
a length of the limb within the body ( e . g . measured a sum of approach the uterus from an at least partially inferior direc 
long axis lengths of portions of the limb within the body ) is tion and / or from a direction of a straight line from a point on 
long in comparison to a distance between the target and 25 an outer abdominal skin surface ( e . g . umbilicus ) to the 
point of insertion of the device into the body , herein termed uterus ( e . g . a laparoscopic direction ) . In some embodiments , 
" entrance point ” . In some embodiments , a length of a device one or more device shoulder is positioned closer to the 
limb within the body is at least 1 . 2 times , or at least 1 . 5 cervix than to the fundus . In some embodiments , one or 
times , or at least double , or at least triple , or at least more device shoulder is positioned closer to the fundus than 
quadruple times , or at least 5 times a straight line distance 30 to the cervix . 
between the target and the entrance point . A potential benefit In some embodiments , the incision in the posterior fornix 
of a long path is access to a wide range of desired targets for is made using a veress needle through which the abdominal 
a given entrance point ( e . g . incision ) . A potential benefit of cavity is then optionally inflated . In some embodiments , the 
a long path is the ability to insert the device at a wide range incision is enlarged and / or dilated before insertion of the 
of entrance points , for a given target . 35 device . In some embodiments , the incision in the posterior 

In some embodiments , the device includes more than one fornix is made using a trocar . 
limb , where the limbs together access and treat a target . In In some embodiments , a port inserted into the vagina seals 
an exemplary embodiment , the device includes two limbs , the abdominal cavity and / or provides support to the surgical 
where , optionally , both limbs bend to access and treat a device ( e . g . inserted through the port ) and / or to a uterus 
target . 40 manipulator ( e . g . inserted through the port ) . 

A potential benefit of device bending within the body is Alternatively or additionally , in some embodiments , a 
the ability to insert the device at a desirable entry point port is placed into the incision sealing the incision and / or 
and / or at a desirable insertion angle while treating a target providing support to the device . Optionally , the port is 
from a desirable direction . In some embodiments , a wide coupled to the cervix e . g . to provide support to the port . 
range of treatment angles ( angle at which a device limb 45 Optionally , the port is coupled to a uterus manipulator . 
approaches a target ) are available for a given angle of Optionally , a uterus manipulator is used in gynecological 
insertion and / or for a given entrance point . surgery ( e . g . hysterectomy surgery ) . In some embodiments , 

In some embodiments , treatment ( e . g . surgery ) is by a uterus manipulator is secured while allowing access to the 
accessing target from a direction superior to the target , ( e . g . vagina posterior fornix . Optionally , in some embodiments , 
as is usually the case in laparoscopic surgery , while inserting 50 the device supported by coupling to a port , the port , for 
of the device is through a natural orifice located inferior of example , coupled to the cervix . Optionally , a port is coupled 
the target . to the uterus manipulator . A potential benefit of supporting 

For example , in an exemplary embodiment , a device is the device by a port coupled to the cervix is the ability to 
inserted into a body through a vagina ( incision is inferior of access the abdominal cavity through an incision in a thin 
a uterus ) and bends within the body to accesses a target 55 tissue layer , where the layer is , for example , unable to 
region at the top ( superior portion ) of a uterus , from an provide sufficient support to a port , ( e . g . incision in the 
inferior direction ( e . g . standard laparoscopic direction e . g . a vagina posterior fornix ) . 
direction more directly impinging on a target region than In some embodiments , the abdominal cavity is inflated 
that a standard laparoscopic direction e . g . in a substantially before incision is made from the vaginal cavity in the Vagina 
posterior - inferior direction ) . A potential benefit of accessing 60 posterior fornix . A potential benefit being , that , generally , 
the uterus from an inferior direction through an incision in inflation increases separation between organs , potentially 
the vagina is the ability to operate using of established reducing the risk of incising causing damage to other tissue 
laparoscopic surgical techniques , but through an incision in ( e . g . rectum ) . In some embodiments , an incision is initially 
the vagina , which is potentially less invasive than an made in the abdomen ( e . g . umbilical incision ) , through 
abdominal incision 65 which the abdomen is inflated ( e . g . with carbon dioxide ) . 

In some embodiments , bending of the device occurs by In some embodiments , inflation of the abdomen is made 
bending of flexible device portions as the device is inserted through an internal incision in a fallopian tube . In some 
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embodiments , a device including an inner cavity and a cutting edge and fallopian tube is reduced , collapsing the 
cutting edge is inserted from the uterus into a fallopian tube . tube bringing a portion of the tube into contact with the 
In some embodiments , the cutting edge punctures through c utting edge . 
the fallopian tube to the abdominal cavity . The abdominal An aspect of some embodiments of the invention relates 
cavity is then inflated by gas inserted through the device 5 to protecting user tissue , for example , by pushing and / or 
inner cavity . In some embodiments , the device including an holding patient anatomy away and / or shielding from a 
inner cavity uses suction and pressure feedback , for surgical zone . In some embodiments , a system including 

example , as described above , when making the incision in mechanical arms ( e . g . as described herein ) includes a retrac 
the fallopian tube . tor tool ( e . g . as described herein ) . 
An aspect of some embodiments of the invention relates 10 In some embodiments , the tool is mounted on a support 

and a device including mechanical arms is mounted on the to a port which is coupled to a portion of a patient body support . through which a device including a mechanical arm is In some embodiment , the tool is extendable away from 
inserted . In some embodiments , the port is inserted into one or more mechanical arm ( e . g . in one or more direction ) , 
and / or coupled to a natural orifice ( e . g . the vagina ) . In some 15 where the tool extends by expansion and / or is pushed ( e . g . 
embodiments , a uterus manipulator and / or other optional by a motor ) . 
tools are inserted into the patient through the port . Poten - In some embodiments , mechanical device arm / s and the 
tially , the port prevents and / or reduces movement with tool are actuated by the same motor unit . 
respect to the patient of ( e . g . supporting portions ) of the In some embodiments , the retractor tool is coupled to a 
tools inserted through it . Optionally , in some embodiments , 20 mechanical arm and / or a mechanical arm includes a retractor 
the port is coupled to a portion of the system , for example , tool end effecter . 
a patient support surface . In some embodiments , a tool inserted into a patient 

In some embodiments , a treatment ( e . g . hysterectomy ) includes an expandable portion . In some embodiments , the 
includes inserting a port into a natural orifice and / or cou - tool is inserted , expanded , and used to push and / or hold user 
pling a port to a natural orifice and then inserting one or 25 tissue away from portion / s of a patient body being operated 
more mechanical device limb into a patient through the port on . For example , in some embodiments , the bowels are 
An aspect of some embodiments of the invention relates pushed away from the uterus by the tool e . g . during a 

to making an incision where tissue is brought towards a hysterectomy . In some embodiments , the tool is inserted the 
cutting edge ( e . g . tissue is brought to an element comprising same direction of insertion and / or through the same incision 
a cutting edge ) for example , by increasing pressure between 30 as a device including mechanical arms . 
tissue to be cut and a cutting edge ( e . g . using suction ) . In In some embodiments , one or more mechanical limb is 
some embodiments , once an incision is made , pressure inserted at a different angle and / or inserted to a different 
between the cutting edge and tissue reduces preventing depth and / or is inserted through a different incision . For 
further cutting . In some embodiments , pressure is further example , assisting access to a target by more than one 
reduced ( e . g . by cessation of applied suction ) once a mea - 35 mechanical limb , optionally from different directions . 
sured reduction in pressure indicates that an incision has In some embodiments , at least a portion of a surgical 
been made . device mechanical limb is covered with a cover , for 

In some embodiments , a device for incision is sized and example , a sterile cover e . g . providing a sterile separation 
shaped such that increasing pressure between the a device between a device arm and the patient . For example , an 
end including a cutting edge and body tissue to be cut brings 40 electrically insulating cover . 
the tissue into contact with the device . In some embodiments , devices and / or systems and / or 

For example , in some embodiments , an incision is made methods described in this document are used in thoracic 
in the vagina posterior fornix using a device including a treatments ( e . g . thyroidectomy ) . 
cutting edge with a concave portion ( e . g . inlet and / or hollow In some embodiments , devices and / or systems and / or 
and / or depression and / or cup - shape ) sized such that the 45 methods described in this document are used in splenec 
cervix fits into the concave portion and that an increase in tomy . 
pressure in the depression brings the posterior fornix into In some embodiments , devices and / or systems and / or 
contact with an edge of the concave portion . In some methods described in this document are used in reproductive 
embodiments , an edge of the concave portion includes an surgery ( e . g . infertility treatment , sterilization ) . 
optionally sharp cutting edge . In some embodiments , the 50 In some embodiments , devices and / or systems and / or 
concave portion is placed over the cervix with the sharp methods described in this document are used in reconstruc 
edged portion located at the vagina posterior fornix . The cup t ive pelvic surgery . 
and / or tissue are brought together until the cutting edge In some embodiments , treatment is performed on an 
makes an incision in the vagina posterior fornix . A potential abdominal target is performed by inserting device arm / s into 
benefit is control over the position and / or extent of the 55 the abdomen e . g . through a surface abdominal incision 
incision ( e . g . using a different depth concave portion and / or and / or through the pelvic outlet ( e . g . through a natural 
a different length cutting edge ) . reproductive and / or excretory orifice ) and bending the arms 

In some embodiments , the tissue and concave portion are to approach a target . 
brought together by suction . Optionally , reduction in suction In some embodiments , treatment is performed on a tho 
pressure is used to ascertain that an incision has successfully 60 racic target by inserting one or more device arm under the 
been made . A potential benefit of using suction is cutting rib cage from an incision superior or inferior to the rib cage , 
with minimal force and / or control over the speed and / or where device arm / s are bent to access the target . In some 
force of cutting , for example , reducing risk of damaging the embodiments , e . g . as described herein , one or more device 
rectum . arm is inserted between adjacent ribs . 

In some embodiments , an incision is made in a fallopian 65 In some embodiments , one or more device limb includes 
tube by a device including a cutting edge inserted into the a chain of at least two rigid segments coupled by flexible 
fallopian tube . In some embodiments , pressure between the connecting sections also herein termed " joints ” . In some 
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embodiments , at least two rigid segments are long where , for the flexible portion is bendable in one rotational direction 
example , a long axis length of one or more long rigid around a single bending plane . The term “ unidirectionally 
segment is at least 1 . 5 times , or at least double , or at least bendable ” herein refers to a portion being bendable in one 
triple , or at least 5 times , or at least 10 times , or intermediate rotational direction and / or bendable around a single bending 
values , a maximum extent of the segment perpendicular to 5 plane . 
said long axis . A potential benefit of long rigid portions , for In some embodiments , freedom of movement of the 
example , in comparison to a larger number of shorter flexible sections relates to that of joints of a human arm , for 
portions , is that movement and / or control errors are reduced example , the first flexible portion corresponding to a shoul 
e . g . as movement and / or control errors are a sum of error der joint and the second flexible portion corresponding to an 
movement for each joint . 10 elbow joint . 

In some embodiments , a proportion of a device and / or In some embodiments , the flexible portions are coupled 
device limb long axis length which is rigid ( and / or formed by a first segment ( e . g . comprising a coupling section ) , 
by rigid segments ) is high , for example 20 % or more , 40 % which , in some embodiments , is rigid , the first segment , for 
or more , than 60 % or more , or 80 % or more . In some example , corresponding to a humerus . In some embodi 
embodiments , a proportion of a sum of rigid segment long 15 ments , the first flexible portion is coupled ( e . g . at a proximal 
axis lengths is large in comparison to a total device and / or end of the first flexible portion ) to a support segment ( e . g . 
limb long axis length , for example 20 % or more , 40 % or corresponding to a torso ) . 
more , than 60 % or more , or 80 % or more . In some embodiments , a limb support segment is long , for 

In some embodiments , a method of treatment includes example , with respect to segments of a device limb , for 
inserting a device including one or more mechanical limb 20 example , 2 times , or 3 times , or 4 times , or 5 times or 10 
( e . g . as described herein ) and one or more laparoscopic tool . times or 20 times a length of one or more segment . 
In some embodiments , a target is simultaneously and / or In some embodiments , the first flexible section is multi 
sequentially treated by one or more mechanical limb and a directionally bendable , for example , bendable in more than 
laparoscopic tool . one bending plane ( e . g . corresponding to human shoulder 

Before explaining at least one embodiment of the inven - 25 joint freedom of movement ) . 
tion in detail , it is to be understood that the invention is not In some embodiments , flexion and rotation of flexible 
necessarily limited in its application to the details of con - portions ( e . g . corresponding , in some embodiments , to flex 
struction and the arrangement of the components and / or ion and rotation of segments at joints ) is sufficient such that 
methods set forth in the following description and / or illus - the range of possible positions of flexible portions and / or 
trated in the drawings and / or the Examples . The invention is 30 segments is at least that of a human arm . 
capable of other embodiments or of being practiced or For example , in some embodiments , possible positions of 
carried out in various ways . joints include possible positions of corresponding human 

In some embodiments , treatments and / or applications arm joints . For example , in some embodiments , a range of 
and / or uses as described in this document are performed by possible angles between device limb segments corresponds 
a device and / or methods as shown and / or described regard - 35 with a range of possible angles between corresponding 
ing FIGS . 1A - 41 and / or using control techniques and / or human arm segments . 
apparatus as shown and / or described regarding FIGS . 42A - In some embodiments , each device arm segment is flex 

ible and extendable around a joint . In some embodiments , 
Other control techniques and / or devices and / or methods each segment is rotatable around a segment long axis , which 

may be used to perform the treatments and / or applications 40 rotation rotates a portion of the arm distal to the rotating 
and / or uses as described in this document . segment about the segment ' s long axis . In some embodi 
Overview — Exemplary Devices ments , joint flexion / extension and segment rotation are 

A broad aspect of some embodiments of the invention adjustable concurrently . 
relates to an intuitively controllable and flexible mechanical In some embodiments , freedom of movement of a device 
device ( e . g . surgical device ) for insertion into a patient , 45 mechanical arm is restricted , for example , to match an 
including one or more limbs , where intuitive control is aspect of freedom of movement of a human arm . For 
related to the device including at least one limb with example , in some embodiments , one or more flexible portion 
humanoid characteristics : ( e . g . each flexible portion ) is uni - directionally bendable . 

In some embodiments , a mechanical limb includes at least In embodiments where a mechanical arm includes rigid 
two coupled flexible portions , and , in some embodiments , 50 segments connected by flexible portions , analogy may be 
movement ( e . g . bending and / or rotation ) of a first flexible made between rigid segments and human arm segments ( e . g . 
portion and a second flexible portion is independently con - humerus and radius ) and between flexible portions and 
trollable . In some embodiments , one or more of the flexible human arm joints ( e . g . shoulder , elbow , wrist ) . In some 
portions is independently rotatable about a corresponding embodiments , a ratio of lengths ( e . g . central long axis 
flexible portion long axis . In some embodiments , one of 55 lengths ) of segments is about a normal human ratio , for 
more the flexible portions is independently flexible and example , in some embodiments , a ratio between two seg 
extendable ( bendable ) . In some embodiments , flexion / ex - ment long axis lengths is about a normal human ratio for the 
tension and rotation about a flexible portion long axis of one corresponding segments . For example , in some embodi 
or more flexible portion are controllable concurrently . ments , a mechanical arm humerus length is about 5 - 40 % or 

In some embodiments , one or more of the flexible por - 60 10 - 30 % or about 20 % longer than the radius length , or lower 
tions is unidirectionally flexible and extendable ( bendable ) . or higher or intermediate ranges or percentages longer . 
For example , in some embodiments , the flexible portion is In some embodiments , an effective lengths and / or ratios 
bendable in one plane ( herein “ bending plane ” ) e . g . where a between effective lengths of device limb segments corre 
central long axis of the portion bends in one plane . For sponds to that of human limb segments ( e . g . a ratio of 
example , in some embodiments , the flexible portion bends in 65 humerus to radius length ) . 
one rotational direction around one or more bending plane . In some embodiments , device joint / s are long , such a 
For example , in some embodiments , in some embodiments , portions of a device arm corresponding to a human body 

50 
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segment ( e . g . humerus , radius ) include portions of device An aspect of some embodiments of the invention relates 
joint / s . In some embodiments , ratio / s of human segment to a device including one or more articulated mechanical 
lengths correspond to ratio / s of effective surgical device limb , where one or more joint ( flexible portion ) is long . For 
segment lengths , where different definitions for effective example , in some embodiments , bending of one or more 
segment lengths are described below . 5 long joint is distributed along the joint in a direction of a 

In some embodiments , one or more ratio between dimen - joint long axis . 
sions of different portions of a mechanical limb is about a In some embodiments , a long axis length of a joint is long , 
normal human ratio for the corresponding dimensions . For e . g . with respect to a maximum extent of the joint perpen 
example , in some embodiments , a ratio between a length of dicular to the joint long axis . In some embodiments , one or 
a portion of the device acting as a humerus ( effective more joint is long with respect to one or more segment 
humerus length ) and a length of a portion of the device length long axis length and / or is long in comparison with 
acting as a radius ( effective radius length ) is 1 : 1 to 2 : 1 , or human joint to segment length ratios and / or is long with 
1 . 1 : 1 to 1 . 5 : 1 or about 1 . 2 : 1 , or lower or higher or interme - respect to rigid segment / s of a mechanical arm . 
diate ratios . In some embodiments , a long flexible portion includes a 

In some embodiments , a ratio of a length of a portion of central long axis length of the portion being at least double 
the device acting as a humerus and a length of a portion of or 1 . 5 - 5 times , or 2 - 4 times , or at least four times , a 
the device acting as a humerus remains fixed as the mechani - maximum extent of the flexible section perpendicular to the 
cal arm is moved . In some embodiments , a ratio of a length section long axis . 
of a portion of the device acting as a humerus and a length 20 An aspect of some embodiments , of the invention relates 
of a portion of the device acting as a humerus changes fixed to a joint comprising a chain of coupled elements where 
as the mechanical arm is moved . bending of the joint is by pivoting of individual elements . In 

In some embodiments , a ratio between effective segment some embodiments , each element pivots about an element 
lengths is about that of a normal human ratio for the bending plane . In some embodiments , a bending axis of one 
corresponding segments . 25 or more of the elements ( e . g . all of the elements ) is coplanar . 

In some embodiments , a ratio of effective segment lengths In some embodiments , elements pivot in one direction 
is maintained within a normal human ratio ( and / or within a around the bending axis . 
range around a normal human ration ) when the mechanical A broad aspect of some embodiments of the invention 
arm is in different configurations ( e . g . one or more flexible relates to rotation of a portion of a mechanical arm about a 
portion is bent ) . 30 portion long axis , where rotation is rotation of components 

In some embodiments , a mechanical arm lacks one or coupled to the portion and extending away from the portion . 
more of human arm segments ( and / or includes one or more In some embodiments , an elongate portion ( e . g . segment , 
segment than the number of segments in a human arm ) flexible portion of the arm has a main central axis ( where 
coupling flexible portions . For example , in some embodi - the main axis is a central ( e . g . symmetrical ) axis of the 
ments , a mechanical arm lacks a wrist joint . For example , in 35 device with the largest extent ) , where the main axis is herein 
an exemplary embodiment , a first flexible portion and a termed “ long axis ” or “ central long axis ” or " longitudinal 
second flexible portion are directly coupled ( e . g . a distal end axis ” or “ central longitudinal axis ” . 
of the first flexible portion is directly coupled to a proximal An aspect of some embodiments of the invention relates 
end of the second flexible portion ) . to actuation of thin mechanical limbs . In some embodi 

An aspect of some embodiments of the invention relates 40 ments , one or more portion of a mechanical limb is rotated 
to a mechanical arm including humanoid structural charac by rotating a portion coupled to the limb and extending away 
teristics where flexible portions of the mechanical arm are from the limb . For example , in some embodiments , portion / s 
long and are associated with human arm joints as well as of a mechanical limb inserted into a patient are rotated by 
portion / s of rigid ( e . g . bone ) human arm segments ( e . g . rotation of a portion extending outside of a patient ( e . g . 
humerus , e . g . radius ) . 45 using motor / s outside the patient ) . In some embodiments , 

In some embodiments , one or more device arm includes sequentially connected portions are rotated by portions 
a radius segment and a humerus segment sized , and an which extend through hollows within other portions . In 
elbow joint and shoulder joint with flexion such that a hand s ome embodiments , lack of motors located within a 
and / or distal end of a device radius is movable to near to mechanical limb facilitate thin mechanical limbs . 
and / or axially past and / or into contact with the shoulder joint 50 In some embodiments , a surgical device system includes 
and / or the arm torso . A potential benefit being the ability to a motor unit including a plurality of motors for driving 
access a target ( e . g . with hand tools ) close to the torso . multiple parts of a surgical device including at least one 
An aspect of some embodiments of the invention relates mechanical limb ( e . g . more than one motor is used to drive 

to a flexible device where bending portions of the device are different portions of a mechanical limb ) . In some embodi 
rounded for example , with a minimum a radius of curvature 55 ments , the mechanical limb is inserted into a patient body 
of one or more bending portion being at most 15 mm , or at while the motor unit remains outside the patient body . 
most 10 mm , or at most 8 mm , or at most 5 mm . In some In some embodiments , each segment of a mechanical arm 
embodiments , an inner skeleton ( e . g . including mechanical is rotated around a segment long axis by component / s 
limbs as described herein ) includes rounded bending por - located externally to the segment . 
tions . In some embodiments , a cover or sheath covering a 60 In some embodiments , one or more portion of a mechani 
mechanical limb includes rounded bending portions . In cal arm is rotated by rotation of an extension ( also herein 
some embodiments , rounded bending portions of device termed “ control portion ” ) coupled to the portion , where the 
mechanical arms are due to an inner structure , and are not extension extends outside the portion and / or arm . 
only due to rounded bending portions of a cover or sheath In some embodiments , an extension includes one or more 
( e . g . a protective cover ) . In some embodiments , a mechani - 65 flexible torque transfer portion able to transfer torque along 
cal arm has minimal lateral extension associated with bend - a torque transfer portion long axis while the portion is bent , 
ing at device flexible portions . a potential benefit being the ability to rotate a portion 
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remotely ( e . g . from outside the arm ) when one or more arm during use of the device , for example , movement of the 
joint is flexed and / or extended . camera close to device hands to provide a close - up view , 

In some embodiments , one or more extension is nested , ( e . g . of surgery ) . 
where the extension passes through ( e . g . through a hollow In some embodiments , images are re - orientated before 
portion of ) one or more arm element , for example , through 5 display to a user , for example , images are orientated to an 
one or more other extension and / or one or more segment intuitive direction for the user . For example , in some 
and / or one or more connecting portion . A potential benefit of embodiments , images collected from a first point of view 
nested extensions is compactness of the mechanical arm ( e . g . by an internal camera ) are orientated to a user point of 
and / or segments forming the external shape of the arm . view above the body . For example , in some embodiments , 

In some embodiments , a flexible torque transfer section of two or more sets of images are orientated to be in the same 
an extension ( control portion ) passes through a hollow orientation ( e . g . images are overlaid ) for example , previ 
portion of , and is aligned with a flexible portion of the ously collected images ( e . g . CT , MRI ) and real time images , 
device . In some embodiments , the flexible portion is unidi - for example from internal camera / s and / or internal and / or 
rectionally bendable . In some embodiments , bending of the 1s external ultrasound . 
outer flexible portion causes the torque transfer portion to An aspect of some embodiments of the invention relates 
bend . In some embodiments , a long axis of the torque to actuation of a mechanical device limb . In some embodi 
transfer portion unrestrained in possible planes of bending . ments , two gears are driven at the same speed and direction 

An aspect of some embodiments of the invention relates to provide rotation without bending of a device limb flexible 
to control of flexion / extension of a portion of a mechanical 20 portion . In some embodiments , two gears are driven at 
limb by varying tension on elongated element / s coupled to different speeds and / or direction to provide bending of a 
the portion where in some embodiments , one or more device limb flexible portion . 
elongated element is coupled to an external surface of the For example , in some embodiments , a first gear and a 
device limb . In some embodiments , elongated element / s screw mechanism are coupled to a central shaft . One or more 
extend outside the device ( e . g . extend outside a patient body 25 elongated element is coupled between the flexible portion 
when the device is within a patient body e . g . extend to where and the screw mechanism , such rotation of screw mecha 
they are actuated by a motor unit outside the patient ) . In nism without rotation of the elongated element / s causes the 
some embodiments , elongated elements are coupled to an elongated elements to move laterally along a long axis of the 
inside surface of one or more hollow device portion . shaft , generating flexion or extension of the flexible portion . 
An aspect of some embodiments of the invention relates 30 In some embodiments , elongated elements are coupled to a 

to a bendable torque transfer portion including a first end and second gear . In some embodiments , when both the first and 
a second end , where the portion transfers torque applied to second gears are rotated in the same direction and speed , the 
the first end to the second end when the portion is bent . flexible portion rotates and the flexible portion does not 

In some embodiments , a torque transfer portion includes change flexion / extension . In some embodiments , rotation of 
a plurality of elements interconnected by a plurality of 35 the second gear while the first gear remains stationary 
connectors . In some embodiments , the connectors are suf - generates flexion / extension but not rotation of the flexible 
ficiently strong to transfer torque between the elements . portion . In some embodiments , when first and second gears 

In some embodiments , one or more element ( or , in an are differentially rotated ( e . g . in different directions and / or in 
exemplary embodiment , each element ) includes two or more the same direction at different speeds and / or the first gear is 
portions , where the portions are independently elastically 40 rotated while the second gear remains stationary ) the flexible 
compressible and expandable in a direction parallel to a portion both rotates and bends ( flexion / extension ) . In some 
torque transfer portion long axis . embodiments , each gear is driven by a motor . In some 
An aspect of some embodiments of the invention is embodiments , each flexible portion is driven by the above 

related to a surgical system for key - hole surgery including a described mechanism including two gears . 
mechanical device with at least one limb for insertion into a 45 In an exemplary embodiment , the device is inserted into 
body where the device includes humanoid structural char - a body through a single incision . In some embodiments , the 
acteristics ( e . g . as described herein ) . In some embodiments , device is inserted into a natural orifice ( e . g . vagina , rectum , 
the device is actuated by a motor unit which is not inserted mouth and / or nostril ) . Optionally , the device is inserted 
into the body . In some embodiments , the device includes one through one or more incision in a natural orifice . 
or more imaging device for insertion into the body with the 50 In some embodiments , the mechanical arms have a small 
mechanical limb / s . Optionally , the system includes one or transverse dimension , such that , in some embodiments , one 
more external imaging device ( e . g . MRI , CT , ultrasound ) . or more arm is inserted into a body through a small incision 
Optionally collected images from one or more device are and / or is inserted into a narrow natural orifice ( e . g . vagina ) 
displayed to a user on a display . Optionally additional data and / or is inserted into a narrow channel ( e . g . channel inside 
and / or processed collected data ( e . g . from one or more 55 natural orifice , e . g . esophagus ) . 
system and / or device sensor , from a database ) is displayed Optionally , in some embodiments , one or more part of a 
to the user on the display . device includes an electrosurgery tip e . g . monopolar elec 

In some embodiments , data displayed to a user includes trosurgery tip , bipolar electrosurgery tip . 
image and / or measurements , optionally processed before In some embodiments , one or more additional component 
display , for example , internal device measurements ( e . g . 60 or tool ( e . g . service tunnel , suction tool , irrigation tool , 
from one or more device sensor , for example inserted with inflation tool ) are inserted , optionally through a single 
the device and / or mounted on a device arm ) . incision , with the mechanical arm / s . 

In some embodiments , optionally displayed images ( e . g . An aspect of some embodiments of the invention relates 
video images ) are collected by a camera mounted on the to a mechanical limb including more than one bendable 
device or inserted with the device , optionally at a position 65 portion , where bending of at least one portion is controlled 
with relation to the arms which mimics human eye to arm by changing tension of an elongated element coupled to the 
positioning . Optionally , a position of the camera is changed portion and where bending of at least one other portion is 
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controlled by applying torque to ( e . g . screw mechanism ) an For example , in some embodiments , input object joints 
elongated element coupled to the portion . correspond to flexible portions of a surgical device e . g . each 
An aspect of some embodiments of the invention is input object joint corresponds to a single flexible portion of 

related to a grasper where movement of an element ( e . g . by a surgical device . 
a motor ) to control actuation of the grasper is separated from 5 In some embodiments , an input object includes user body 
the grasper by at least a segment ( e . g . control of grasper at portion / s , for example , where measured movement of a user 
least at the radius ) . In some embodiments , grasper actuation limb controls movement of a surgical device limb . In some 
is by rotation of a grasper extension coupled to the grasper . embodiments , an input object includes an input device 

which is moved ( e . g . manually ) by a user . In some embodi In an exemplary embodiment , grasper actuation is con 
trolled outside the arm , e . g . in the torso of the mechanical 10 ments , an input device includes an input device limb where 

movement of the input device limb controls movement of a arm to which the grasper is coupled , e . g . outside the device . corresponding surgical device limb . In some embodiments , In some embodiments , the grasper extension includes one a surgical device is controlled both by measured movement or more grasper torque transfer portion ( e . g . as described of a user ' s body and by movement of an input device 
elsewhere in this document ) . 15 controlled by a user . 

In some embodiments , the grasper extension extends A broad aspect of some embodiments of the invention away from the grasper through one or more hollow portion relates to an intuitively controllable surgical system . 
in one or more segment and / or connecting section and / or In some embodiments , the system includes an input object 
torque transfer portion . with a structure similar to that of a surgical device , where 

In some embodiments , actuation of the grasper is by a 20 movement of the input object controls movement of the 
screw mechanism where grasper actuation is by turning a surgical device : 
grasper extension ( e . g . an elongated element ) coupled to the In some embodiments , a ratio between effective segment 
grasper and extending away from the grasper . In some lengths of an input device segment pair ( e . g . two adjacent 
embodiments , continuous rotating of the elongated element input device segments ) is substantially the same as an 
cyclically opens and closes the grasper . In some embodi - 25 effective segment length ratio between a corresponding 
ments , rotating the elongated element in a first direction ( e . g . surgical device segment pair . 
clockwise ) closes the grasper and rotating the elongated In some embodiments , each driven portion of the surgical 
element in a second direction ( e . g . anticlockwise ) opens the device has a corresponding portion of the input device . In 

some embodiments , a surgical device arm and an input grasper . A potential benefit of grasper actuation by a screw 
mechanism is , in comparison to grasper actuation being 30 device arm include segments coupled by connecting por 

tions . In some embodiments , an input device arm includes at controlled by pulling / releasing an elongated element which least the number of joints and / or segments as a correspond extends through at least one segment is that grasper hold on ing articulated surgical device arm . In some embodiments , an object between grasper opposing portions is unaffected the input device and the surgical device include the same by bending and / or movement of the device arm through 35 m m through 35 number of segments and / or the same number of connecting which the elongated element travels . portions . 
In some embodiments , one or more mechanical limb In some embodiments , one or more portion of an input 

flexible portion is bendable and / or segment is sized such that device has the same degrees of freedom as that of a 
a distal end of the limb ( optionally including a length of an corresponding portion of a surgical device . For example , in 
end effecter ) is positionable at a limb support segment . In 40 some embodiments , input device portion / s are bendable by 
some embodiments , the support segment is tubular . about the same amount as corresponding surgical device 

In some embodiments , a mechanical limb is bendable portions . For example , surgical device portion / s which are 
such that the limb is bendable by 180° or more with respect rotatable around the surgical device portion long axis cor 
to a limb support segment . respond to input device portions which are rotatable around 

In some embodiments , a flexible portion includes a plu - 45 the input device portion long axis . 
rality of elements ( e . g . links , e . g . as described herein ) . In Potentially , similar structure of the input object and sur 
some embodiments , the term flexible portion refers to a gical device provides intuitive control of the surgical device . 
portion which is bent using a single control and / or as a single Overview — Exemplary Input Device Motion Control 
unit . A broad aspect of some embodiments of the invention 

Before explaining at least one embodiment of the inven - 50 relates to an input device for control of a surgical device , 
tion in detail , it is to be understood that the invention is not where both the input device and the surgical device have at 

least one part ( e . g . limb ) including a sequential structure of necessarily limited in its application to the details of con connected portions where movement of one or more portion struction and the arrangement of the components and / or of the input device controls movement of a sequentially methods set forth in the following description and / or illus 55 corresponding portion of the surgical device . In some 
trated in the drawings and / or the Examples . The invention is embodiments , a sequential structure of the input device capable of other embodiments or of being practiced or and / or the surgical device includes segments ( e . g . rigid 
carried out in various ways . portions ) connected by connecting portions ( e . g . pivot joints 
Overview - Exemplary Control and / or flexible sections ) . 

A broad aspect of some embodiments of the invention 60 In some embodiments , sequential coupling of portions the 
relates to control of a surgical device using measured surgical and / or input device is linear sequential coupling , 
movement of one or more input object , where both the where for example , central longitudinal axes of the portions 
surgical device and one or more input object include a are collinear where the portions are coupled . 
sequential structure of connected portions where movement In some embodiments , an input device limb includes 
of one or more portion of the input object controls move - 65 segments sequentially coupled by joints . In some embodi 
ment of a sequentially corresponding portion of the surgical ments , a surgical device limb includes sequentially coupled 
device . flexible portions , optionally coupled by surgical device 

ular 
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segments . In some embodiments , freedom of movement of ments , where a number of input device portions controls a 
input device segments about joints is about the same as different number of surgical device portions , mapping 
freedom of movement of corresponding surgical device includes identifying effective segments , for example , where 
flexible portions . For example , in some embodiments , a an effective input device segment includes a different num 
flexible surgical device portion is bendable by the same 5 ber of input device portions than a corresponding surgical 
angle as an angle between two input device segments device segment . 
coupled by a joint corresponding to the flexible surgical In some embodiments , a surgical device includes one or device portion . more extending portion ( e . g . one or more segment and / or In some embodiments , an angle between long axes of joint which increases in long axis length ) . In some embodi input device segments coupled by a joint controls an angle 10 ments , an input device includes a corresponding extendable of a corresponding surgical device flexible portion . Where , portion , the extent of extension of which controls an extent for example , an angle of the surgical device flexible portion 
is defined between long axis tangents of the flexible portion of extension of a corresponding surgical device portion . 
at the flexible portion ends . Where , for example , an angle of In some embodiments , a user manually moves portion / s 
the surgical device flexible portion is defined as an angle 15 OTT , 15 of the input device to control movement of the surgical 
between effective segment long axis ( e . g . where effective device . In some embodiments , a user controls position of 
segment axes are described herein ) . more than one part of the device simultaneously , for 

In an exemplary embodiment , an input device includes a example , using one hand . In some embodiments , the input 
more angular shape and / or a shape with a larger relative device includes two limbs ( also herein termed “ arms ” ) , and 
lateral extent than that of the surgical device . For example , 20 a user controls each limb with one hand . 
in an exemplary embodiment , input device connecting por In some embodiments , the input device includes one or 
tions are pivot connections between rigid segments , whereas more arm constructed from rigid portions interconnected by 
surgical device connecting portions are long bendable sec - joints . In some embodiments , the input device has a small 
tions ( e . g . as described in the section of this document number of freely moveable segments . For example , less than 
entitled “ Exemplary long joints " ) . In some embodiments , 25 ten or less than 5 , or less than 4 segments which are 
pivot points connecting sections of the input device are not concurrently freely movable . Potentially , a small number of 
disposed at an intersection between effective input device freely moveable segments facilitates user control of position 
limbs for example , potentially reducing a difference between and / or movement of each segment , for example , with a input device and surgical device structures . single user hand grasping a segment . 

In some embodiments , an angle between an input device 30 In some embodiments , input device arm / s have a similar radius and an input device humerus controls an angle structure and / or freedom of movement as human arms , between a surgical device radius and a surgical device 
humerus where a ratio between effective lengths of the input potentially making manual control of movement and / or 

positioning of segments intuitive for a human user . device radius and humerus is substantially the same as a In some embodiments , an angle between long axes of two ratio between effective lengths of the surgical device radius 35 
and humerus . adjacent input device segments controls an angle between 

In some embodiments , surgical device movements are long axes of two corresponding adjacent surgical device 
scaled user hand movements . segments . In some embodiments , a rotation of one or more 

For example , in some embodiments , a user selects scaling input device segment controls rotation of a corresponding 
of user hand movement to input device ( and surgical device ) 40 surgical device segment . 
movement by selecting where to grasp an input device An aspect of some embodiments of the invention relates 
segment . to an input device where joints coupling segments of the 

For example , in some embodiments , an input device device are sufficiently low friction that the input device 
includes a handle ( optionally extendable ) for scaling user which is easily moveable by a user , when a user is control 
hand movements . 45 ling the surgical device by moving the input device . In some 

In some embodiments , an input device includes one or embodiments , the input device is resistive to movement 
more portion which is scaled up from that of the surgical which is not initiated by a user , the input device , for example 
device ( e . g . a portion of the input device is a scaled up including one or more locking mechanism . For example , 
portion of a surgical device ) meaning that large user hand potentially preventing accidental movement of a surgical 
movements transfer to small surgical device movements , 50 device by undesired movement of the input device . In some 
potentially facilitating fine control of the surgical device exemplary embodiments of the invention , the input device 
with user ( e . g . hand ) movements . has low resistance joints and includes one or more elements 

In some embodiments , corresponding portions of the which can selectively lock a joint . 
input device and the surgical device have differing numbers An aspect of some embodiments of the invention relates 
of segments and / or connecting portions . For example , in 55 to an input device including one or more locking mechanism 
some embodiments , an input device segment controls move - where the locking mechanism , when in a locked configura 
ments of more than one portion of a surgical device ( e . g . tion , prevents movement of segments at a joint . In some 
several segments ) . For example , in some embodiments , an embodiments , when the input device is not in use , the device 
input device includes two segments ( e . g . rigid segments ) is locked in position ( e . g . automatically ) , for example , 
connected by a connecting portion ( e . g . a pivot ) which 60 preventing movement of the surgical device . 
control a portion of the surgical device which includes more In some embodiments , an input device locking mecha 
than one two portion and / or more than one connecting nism includes one or more element ( e . g . a toothed element ) 
portion . In some embodiments , an input device includes two which interlocks with gear / s coupled to the joint to portion / s 
segments ( e . g . rigid segments ) connected by a connecting ( e . g . at an input device joint ) of the input device in position . 
portion ( e . g . a pivot ) which controls a portion of the surgical 65 In some embodiments , an input device locking mechanism 
device including an extended flexible portion ( e . g . surgical includes an element which frictionally holds portion / s of the 
device includes an endoscope structure ) . In some embodi - input device in position . 


















































































