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The disclosure provides a surgical apparatus comprising : a 
steerable member that is bendable and comprises a plurality 
of bending segments with channels therein ; and a plurality 
of bending actuation wires that are arranged to pass through 
the steerable member and cause the steerable member 
bend , the steerable member comprising at least one out 
wardly opening lumen through which the bending actuation 
wires pass . 
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SURGICAL APPARATUS 

CROSS - REFERENCE TO RELATED 
APPLICATIONS 

[ 0001 ] This application is a divisional of application Ser . 
No. 15 / 562,594 , filed Feb. 3 , 2017 , which claims priority to 
371 U.S. National Stage of International Application No. 
PCT / US2017 / 016485 , filed Feb. 3 , 2017 , and claims the 
benefit of priority from U.S. Provisional Application No. 
62 / 292,057 , filed Feb. 7 , 2016 , entitled “ SURGICAL APPA 
RATUS , ” and U.S. Provisional Application No. 62 / 424,273 , 
filed Nov. 18 , 2016 , entitled “ SURGICAL APPARATUS , " 
which are fully incorporated by reference herein in their 
entirety . 

distal end of the steerable member , and the bending actua 
tion wires may be fixed by screwing the wire termination 
member . 
[ 0008 ] The surgical apparatus may further comprise : a 
flexible member comprising a flexible material that is pro 
vided at the proximal end of the steerable member and ; and 
at least one sleeve forming a path of travel of a wire passing 
through the steerable member or the flexible member , both 
ends of which are fixed to the inside of the steerable member 
of flexible member . 
[ 0009 ] Screw members may be provided on the bending 
actuation wires , respectively , and the steerable member 
bends as the screw members move mechanically in sync 
with each other . 

BRIEF DESCRIPTION OF THE DRAWINGS 
BACKGROUND 

Field 

[ 0002 ] The present invention relates to a surgical appara 
tus , and more particularly , to a surgical apparatus which is 
capable of performing a bending mechanism by including a 
bendable element at the distal end . 

Description of the Related Art 
[ 0003 ] Surgical apparatuses used in surgery have different 
structures depending on the location of a surgical site and 
how the surgical site will be treated . In recent years , various 
types of surgical equipment using a robot are being devel 
oped to perform surgery on areas where surgical sites are 
difficult to access by existing surgical apparatuses or to 
perform a minimal invasive surgery . These surgical appara 
tuses are configured to move in various directions in the 
human body by including a bendable element , which are 
disclosed in many documents including U.S. Pat . No. 6,858 , 
005 . 
[ 0004 ] Surgical apparatuses bendable at the distal end 
bend by the movement of wires inside them . However , these 
surgical apparatuses are hard to finely manipulate , revealing 
some problems like creating backlash when they are bent 
with the wires or restricting the movement of other wires . 
Also , these surgical apparatuses have many components 
embedded in them which are connected to one another in a 
complicated way , so it is difficult to miniaturize them . 

[ 0010 ] Hereinafter , a surgical apparatus according to 
exemplary embodiments of the present invention will be 
described concretely with reference to the drawings . A 
description of the positional relationship between the com 
ponents will now be made basically with reference to the 
drawings . In the drawings , structures of the embodiments 
may be simplified or exaggerated for clarity . Accordingly , 
the present invention is not limited to these exemplary 
embodiments , but instead various kinds of devices may be 
added , changed , or omitted . 
[ 0011 ] The exemplary embodiments will be described 
with respect to a surgical apparatus that has a plurality of 
passages inside an insertion part , with various kinds of 
surgical instruments located in each passage . However , it is 
to be noted that the present invention is not limited to this 
exemplary embodiment and is applicable to a variety of 
surgical apparatuses , including catheters , endoscopes , and 
surgical robots , that are bendable at the distal end . 
[ 0012 ] FIG . 1A is an isometric view of a distal end of the 
surgical apparatus including a manipulating part and an 
insertion part . FIG . 1B is an enlarged isometric view of the 
insertion part in FIG . 1A . 
[ 0013 ] FIG . 2 is a cross - sectional view of one of the 
surgical instruments of FIG . 1A . 
[ 0014 ] FIG . 3A is a schematic plan view of two adjacent 
bending segments of the steerable member in a neutral state . 
FIG . 3B is a schematic plan view of the adjacent bending 
segments in a bent state . 
[ 0015 ] FIG . 4 is a schematic plan view illustrating a slack 
in a wire according to an improved bending segment struc 
ture . 
[ 0016 ] FIG . 5A is a partial isometric view of the bending 
segments . FIG . 5B is a longitudinal section view of the 
bending segments of FIG . 5A . 
[ 0017 ] FIG . 6A is a partial isometric view of the bending 
segments having a protrusion with a round surface according 
to an embodiment of the present invention . FIG . 6B is a 
partial isometric view of the bending segments having a 
protrusion with a linear edge at the end according to another 
embodiment of the present invention . 
[ 0018 ] FIG . 7A is an isometric view of a bending segment 
of a plurality of bending segments according to one embodi 
ment of the present invention . FIG . 7B is an isometric view 
of a plurality of bending segments of FIG . 7A . 
[ 0019 ] FIG . 8A is an isometric view of a bending segment 
according to another embodiment of the present invention . 
FIG . 8B is an isometric view of a plurality of the bending 
segments of FIG . 8A . 

a 

a 

a SUMMARY 

[ 0005 ] Embodiments of the present invention may provide 
a surgical apparatus comprising : a steerable member that is 
bendable and comprises a plurality of nding segments 
with channels therein ; and a plurality of bending actuation 
wires that are arranged to pass through the steerable member 
and cause the steerable member to bend , the steerable 
member comprising at least one lumen through which the 
bending actuation wires pass , and the lumen being partially 

a 

a 

open outward . 
[ 0006 ] Other embodiments of the surgical apparatus may 
further comprise an end effector provided at the distal end of 
the steerable member ; and an effector actuation wire con 
nected to the end effector to actuate the end effector , at least 
part of the end effector being detachably provided at the 
distal end of the effector actuation wire . 
[ 0007 ] A wire termination member for fixing the distal 
ends of the bending actuation wires may be provided at the 
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[ 0020 ] FIG . 9A is an isometric view of a bending segment 
having a recess part accommodating the connecting part 
according to an embodiment of the present invention . FIG . 
9B is an isometric view of a bending segment having a 
recess part with a V - shaped notch - like groove according to 
another embodiment of the present invention . 
[ 0021 ] FIG . 10 is an isometric view of a steerable member 
using a flexible hinge structure . 
[ 0022 ] FIG . 11 is an isometric view of a steerable member 
using a flexible backbone structure . 
[ 0023 ] FIG . 12A is a schematic sectional view of a bend 
ing segment in a neutral state . FIG . 12B is a schematic 
sectional view of the bending segment of FIG . 12A in a bent 
state . FIG . 12C is a schematic sectional view of the bending 
segment of FIG . 12B returning to a neutral state . 
[ 0024 ] FIGS . 13A to 13F are views illustrating various 
exemplary embodiments of a steerable member having 
different arrangements of the bending actuation wires and 
lateral supporting members , wherein FIG . 13A is an isomet 
ric view of a steerable member according to a first exem 
plary embodiment ; FIG . 13B is an isometric view of a 
steerable member according to a second exemplary embodi 
ment ; FIG . 13C is an isometric view of a steerable member 
according to a third exemplary embodiment ; FIG . 13D is an 
isometric view of a steerable member according to a fourth 
exemplary embodiment ; FIG . 13E is an isometric view of a 
steerable member according to a fifth exemplary embodi 
ment ; and FIG . 13F is an enlarged view of the lateral 
supporting members and the bending actuation wires of the 
third exemplary embodiment of FIG . 13D . 
[ 0025 ] FIG . 14A is a schematic sectional view of a steer 
able member with a lateral supporting member in a neutral 
state without any manipulation . FIG . 14B is a schematic 
sectional view of a steerable member with a pre - shaped 
lateral supporting member in a state that a first tensile force 
F is applied to . FIG . 14C is a schematic sectional view of a 
steerable member with a pre - shaped lateral supporting mem 
ber in a state that a second tensile force F ' is applied thereto . 
[ 0026 ] FIG . 15A is a schematic view of the adjacent 
bending segment before bending . FIG . 15B is a schematic 
view of the adjacent bending segment when being bent to a 
radius of curvature R. 
[ 0027 ] FIG . 16A is an isometric view illustrating a con 
necting segment and bending segments connected by the 
connecting segment . FIG . 16B is an isometric view of the 
connecting segment of FIG . 16A . 
[ 0028 ] FIG . 17A is an isometric view of the steerable 
member comprising a plurality of connecting segments in a 
neutral state . FIG . 17 B is an isometric view of the steerable 
member comprising a plurality of connecting segments in a 
bent state . 
[ 0029 ] FIG . 18A is a schematic plan view of two adjacent 
bending segments of a steerable member having a path 
adjusting member in a neutral state . FIG . 18B is a schematic 
plan view of the adjacent bending segments of FIG . 18A in 
a bent state ; 
[ 0030 ] FIG . 19A is an isometric view of the steerable 
member comprising plate - like bending segments and wall 
like connecting parts . FIG . 19B is an isometric view of the 
steerable member of FIG . 19A with the bending actuation 
wires located inside the path adjusting member in each 
lumen . 
[ 0031 ] FIG . 20A is a cross - sectional view of the steerable 
member in a neutral state . FIG . 20B is a cross - sectional view 

of the steerable member of FIG . 20A where the bending is 
concentrated at the distal end of the steerable member . 
[ 0032 ] FIG . 21A is a cross - sectional view of the steerable 
member comprising a geometrically enhanced structure 
according to one exemplary embodiment of the present 
invention . FIG . 21B is a cross - sectional view of the steerable 
member comprising a geometrically enhanced structure 
according to another exemplary embodiment of the present 
invention . FIG . 21C is a cross - sectional view of the steerable 
member comprising a geometrically enhanced structure 
according to yet another exemplary embodiment of the 
present invention . 
[ 0033 ] FIGS . 22A to C are isometric views illustrating a 
method of fixing bending actuation wires by a wire termi 
nation member , wherein FIG . 22A illustrates the wire ter 
mination member being threaded to the distal end of the 
steerable member ; FIG . 22B illustrates bending actuation 
wires being fixed when the wire termination member is 
threaded ; and FIG . 22C illustrates the steerable member 
after the bending actuation wires is fixed . 
[ 0034 ] FIG . 23 is an isometric view of an end effector 
being used as a wire termination member according to 
another exemplary embodiment of the present invention . 
[ 0035 ] FIG . 24A is a cross - sectional view of the end 
effector of FIG . 23 in a first mode . FIG . 24B is a cross 
sectional view of the end effector of FIG . 23 in a second 
mode . 
[ 0036 ] FIG . 25 is an exploded view of an end effector 
using an elastic body according to one embodiment of the 
present invention . 
[ 0037 ] FIG . 26A is a cross - sectional view of an end 
effector having an effector actuation wire according to one 
embodiment of the present invention . FIG . 26B is an 
enlarged sectional view of the distal end of the steerable 
member of the end effector of FIG . 26A . FIG . 26C is an 
enlarged sectional view of the proximal end of the end 
effector of FIG . 26A . 
[ 0038 ] FIG . 27A is a cross - sectional view of an end 
effector having a bending actuation wire according to one 
embodiment of the present invention . FIG . 27B is an 
enlarged cross sectional view of the distal end of the 
steerable member of the end effector of FIG . 27A . FIG . 27C 
is an enlarged cross sectional view of the proximal end of the 
end effector of FIG . 27A.S 
[ 0039 ] FIG . 28A is a cross - sectional view of an end 
effector having a bending actuation wire with two bendable 
portions according to one embodiment of the present inven 
tion . FIG . 28B is an enlarged cross sectional view of the 
distal end of the steerable portion of FIG . 28A . FIG . 28C is 
an enlarged sectional view of the oximal end of the 
flexible member of FIG . 28A . 
[ 0040 ] FIG . 29A is a cross - sectional view of an end 
effector having a bending actuation wire with two bendable 
portions according to another embodiment of the present 
invention . FIG . 29B is an enlarged sectional view of the 
proximal end steerable portion of FIG . 29A . FIG . 29C is an 
enlarged sectional view of the proximal end of the end 
effector of FIG . 29A . 
[ 0041 ] FIG . 30 is a schematic isometric view illustrating a 
connecting structure of the end of a surgical instrument and 
a manipulating part . 
[ 0042 ] FIG . 31A is a schematic plan view of a manipu 
lating part comprising a single screw member according to 
one embodiment of the present invention , wherein a first 

a 

a 

a 
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[ 0059 ] FIGS . 48A - E are views illustrating three types of 
the interchangeable grips according to an exemplary 
embodiment of the present invention wherein FIG . 48A is an 
isometric view of a grip - type interchangeable grip connected 
to an inner gimbal structure , FIG . 48B is an isometric view 
of the interchangeable grip of FIG . 48A detached from the 
inner gimbal structure , FIG . 48C is an isometric view of a 
tweezers - type interchangeable grip connected to an inner 
gimbal structure , FIG . 48D is an isometric view of the 
interchangeable grip of FIG . 48C detached from the inner 
gimbal structure , FIG . 48E is an isometric view of a lapa 
roscopic - hand - instrument type interchangeable grip con 
nected to an inner gimbal structure , and FIG . 48F is an 
isometric view of the interchangeable grip of FIG . 48E 
detached from the inner gimbal structure . 
[ 0060 ] FIG . 49 is an isometric view schematically illus 
trating a personalized master controller according to another 
embodiment of the present invention . 
[ 0061 ] FIG . 50 is an isometric view schematically illus 
trating parts ( i.e. the base member , the moveable member , 
and three parallel kinematics chain ) of the control platform 
of the personalized master controller in FIG . 49 . 
[ 0062 ] FIG . 51 is an enlarged view of a portion of FIG . 49 
showing the interchangeable grip being attached to the 
moveable member of the control platform according to an 
exemplary embodiment of the present invention . 
[ 0063 ] FIG . 52 is an enlarged view of a portion of FIG . 49 
showing the interchangeable grip being detached from the 
moveable member of the control platform according to an 
exemplary embodiment of the present invention . 

a 
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bending actuation wire and a second bending actuation wire 
move respectively in opposite directions on a straight line . 
FIG . 31B is a schematic plan view of the manipulating part 
of FIG . 31A , wherein a first bending actuation wire and a 
second bending actuation wire move respectively in reverse 
directions of FIG . 31A . 
[ 0043 ] FIG . 32 is a schematic plan view of a manipulating 
part comprising a pair of screw members and a driving part 
according to one embodiment of the present invention . 
[ 0044 ] FIG . 33A is a schematic view showing the length 
of the bending actuation wire before bending in an ideal 
continuous flexible arm . FIG . 33B is a schematic view 
showing the length of the bending actuation wire after 
bending in an ideal continuous flexible arm . 
[ 0045 ] FIG . 34A is a schematic view showing the length 
of the bending actuation wire before bending in the actual 
condition . FIG . 34B is a schematic view showing the length 
of the bending actuation wire after bending in the actual 
condition . 
[ 0046 ] FIG . 35 is an isometric view illustrating an exem plary bending segment according to an exemplary embodi 
ment of the present invention . 
[ 0047 ] FIG . 36 is an isometric view illustrating an exem 
plary tension - regulating member in FIG . 35 according to an 
exemplary embodiment of the present invention . 
[ 0048 ] FIGS . 37A and B illustrate pivotal motion of one of 
the exemplary tension - regulating member of FIG . 36 , 
wherein FIG . 37A is a front view of the tension - regulating 
member bending to the left side , and FIG . 37B is a front 
view of the tension - regulating member bending to the right 
side . 
[ 0049 ] FIGS . 38A and B are schematic views illustrating 
a slack in a wire being improved according to the exemplary 
tension - regulating member structure in FIG . 36 , wherein 
FIG . 38 A shows the length of the bending actuation wire 
before bending , and FIG . 38 B shows the length of the 
bending actuation wire after bending . 
[ 0050 ] FIG . 39 is a diagram of the simulation result 
illustrating that the total length change ( AL ) of the bending 
actuation wire change as a function of the bending angle 0 . 
[ 0051 ] FIG . 40 is a block diagram illustrating a surgical 
instrument according to an exemplary embodiment of the 
present invention . 
[ 0052 ] FIG . 41 is a schematic view illustrating a surgical 
instrument according to an exemplary embodiment of the 
present invention . 
[ 0053 ] FIG . 42 is a schematic view illustrating a surgical 
instrument in a bending motion according to an exemplary 
embodiment of the present invention . 
[ 0054 ] FIG . 43 is a block diagram illustrating a surgical 
instrument according to another exemplary embodiment of 
the present invention . 
[ 0055 ] FIG . 44 is a schematic view illustrating a surgical 
instrument according to another exemplary embodiment of 
the present invention . 
[ 0056 ] FIG . 45 is a block diagram illustrating a personal 
ized master controller according to an exemplary embodi 
ment of the present invention . 
[ 0057 ] FIG . 46 is a schematic isometric view illustrating a 
personalized master controller according to an exemplary 
embodiment of the present invention . 
[ 0058 ] FIG . 47 is a schematic isometric view illustrating a 
control platform and a connecting part according to an 
exemplary embodiment of the present invention . 

DETAILED DESCRIPTION 

[ 0064 ] The invention and the various features and advan 
tageous details thereof are explained more fully with refer 
ence to the non - limiting embodiments that are illustrated in 
the accompanying drawings and detailed in the following 
description . Descriptions of well - known materials , manu 
facturing techniques , parts , and equipment are omitted so as 
not to unnecessarily obscure the invention in detail . It should 
be understood , however , that the detailed description and the 
specific examples , while indicating preferred embodiments 
of the invention , are given by way of illustration only and 
not by way of limitation . Various substitutions , modifica 
tions , additions and / or rearrangements within the spirit 
and / or scope of the underlying inventive concept will 
become apparent to those skilled in the art from this disclo a 

sure . 
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[ 0065 ] Hereinafter , a surgical apparatus according to an 
exemplary embodiment of the present invention will be 
described concretely with reference to the drawings . A 
description of the positional relationship between the com 
ponents will now be made basically with reference to the 
drawings . In the drawings , structures in the embodiment 
may be simplified or exaggerated for clarity . Accordingly , 
the present invention is not limited to this exemplary 
embodiment , but instead various kinds of devices may be 
added , changed , or omitted . 
[ 0066 ] This exemplary embodiment will be described with 
respect to a surgical apparatus that has a plurality of pas 
sages inside an insertion part , with various kinds of surgical 
instruments located in each passage . However , it is to be 
noted that the present invention is not limited to this exem 
plary embodiment and is applicable to a variety of surgical 
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apparatuses , including catheters , endoscopes , and surgical 
robots , that are bendable at the distal end . 
[ 0067 ] FIG . 1 is a view illustrating a surgical apparatus 
according to an exemplary embodiment of the present 
invention . As illustrated in FIG . 1 , a surgical apparatus 1 
comprises an insertion part 20 provided at the distal end of 
the surgical apparatus and a manipulating part 10 located at 
the proximal end of the insertion part 20 . 
[ 0068 ] The insertion part 20 forms a part that is inserted 
into a surgical site during surgery . The insertion part 20 
consists of a flexible tube , in which at least one surgical 
instrument 30 for use in a surgical operation is located . The 
surgical instrument 30 may be selectively located in at least 
one hollow passage that is formed inside the insertion part 
20. Alternatively , the surgical instrument 30 may be embed 
ded in the insertion part 20. The surgical instrument 30 , 
sticking out of the distal end of the insertion part 20 , may be 
used in surgery or capture images of the surgical site . 
[ 0069 ] The surgical apparatus of FIG . 1 comprises an 
insertion part 20 with four passages , each passage including 
four surgical instruments 30. In FIG . 1 , two out of the four 
surgical instruments include forceps 31 as end effectors 300 
at the distal end . Such surgical instruments may perform 
various surgical operations by manipulating the forceps . 
Besides , other various types of surgical elements including 
blades , suturing units , needles , etc. can be used . One of the 
remaining two surgical instruments is an imaging unit 32 . 
The imaging unit 32 may capture images of the distal end by 
including an optical device such as an optical fiber . The other 
surgical instrument may be a lumen unit 33 with a working 
channel in it through which various instruments can be 
inserted . 
[ 0070 ] These surgical instruments 30 , sticking out of the 
distal end of the insertion part 20 , are configured such that 
their protruding end can bend . Accordingly , the bending of 
the surgical instruments 30 allows for performing a surgical 
operation in different directions or taking images from 
different directions . The surgical instruments 30 may bend 
by the movement of a plurality of wires inside them , which 
will be described in detail below . 
[ 0071 ] The manipulating part 10 is provided at the proxi 
mal end of the insertion part 20 , and configured to manipu 
late the insertion part 20 and / or the surgical instruments 30 . 
The distal end of the manipulating part 10 is connected to the 
proximal end of the insertion part 20 , and may be detachably 
connected thereto in this exemplary embodiment . At least 
one driving part is provided in the manipulating part 10. The 
driving part 40 is mechanically connected to the insertion 
part 20 and / or various types of wire members of the surgical 
instruments 30 , and the driving part 40 enables various 
motions of the insertion part 20 and / or surgical instruments 
30 , including bending movement of the surgical instruments 
30 . 
[ 0072 ] Hereinafter , a detailed configuration of the above 
described surgical apparatus will be explained in more detail 
with reference to the drawings . 
[ 0073 ] FIG . 2 is a cross - sectional view of one of the 
surgical instruments of FIG . 1. As illustrated in FIG . 2 , the 
surgical instrument 30 comprises a steerable member 100 at 
the distal end that is bendable . The steerable member 100 
has a plurality of bending segments 110 with hollow chan 
nels ( not shown ) that are connected together . A flexible 
member 200 comprising a flexible material is provided at the 
proximal end of the steerable member 100. The flexible 

member 200 may consist of a hollow tube where various 
types of wire members connected from the distal end of the 
surgical instrument 30 are located . Optionally , an end effec 
tor 300 is provided at the distal end of the steerable member 
100 , and the end effector 300 may be selectively actuated by 
an effector actuation wire 500 . 
[ 0074 ] Each bending segment 110 of the steerable member 
100 is connected to adjacent bending segments in a way that 
allows hinge movement , and bent by means of bending 
actuation wires 400. The bending actuation wires 400 are 
located in such a way as to pass through the steerable 
member 100 and the flexible member 200 , and the distal 
ends of the bending actuation wires 400 are connected to the 
steerable member 100 and their proximal ends are mechani 
cally connected to the manipulating part 10. Each bending 
segment 110 comprises a plurality of lumens 112 that are 
formed lengthwise , and the bending actuation wires 400 are 
located within the lumens 112 ( FIG . 5A ) . Accordingly , when 
the bending actuation wires 400 are moved by the manipu 
lating part 10 , the plurality of bending segments 110 move 
hingedly , thus causing the steerable member 100 to bend . 
[ 0075 ] FIGS . 3A and 3B are views schematically illustrat 
ing a slack in a wire due to bending of the steerable member . 
Let the bending segments 110 have a length of L and a width 
of 2r . Adjacent bending segments 110 are hinged at the 
middle on their facing sides ( which is at a distance of r from 
the outer perimeter ) . Let the bending actuation wires 400 be 
located on two opposite sides of the width of each bending 
segment and pass through the middle of the length of each 
bending segment ( which is at a distance of L from each 
hinged portion ) . 
[ 0076 ] FIG . 3A illustrates the steerable member in a 
neutral state before bending , and FIG . 3B illustrates the 
steerable member when being bent to a radius of curvature 
R. In FIG . 3B , the angle of bend between two bending 
segments 110 is denoted by 0. The following equation is to 
compare the sum of the lengths of two wire portions between 
the two bending segments before bending and the sum of the 
lengths of the two wire portions after bending . If the lengths 
of the two wire portions before bending are denoted by Li 
and L2 , respectively , and the lengths of the two wire portions 
after bending are denoted by Li ' and L2 , respectively , the 
difference AL between the two lengths is as follows : 

a 

Li = L2 = L = 2 Rtan = 

A o 
Li ' + L2 ' = 2 ( R + r ) sin + = 4 Rsin sin ( ) sin ( 5 ) + 2 ( R – r sin ( ) 
AL = L1 + 12 -Li ’ - La = 4R ( tan ( * ) – sin ( * ) = Li L2 ' ' 

[ 0077 ] As seen from above , the sum of the lengths of the 
two wire portions between the two bending segments after 
bending is smaller than that before bending . Accordingly , 
when the wires on both sides are manipulated in conjunction 
with each other , a slack of AL is produced between each 
bending segment . This is because , when bending occurs , the 
amount of change ( Li ' - Li ) in the length of the wire on the 
other side of the center of curvature is smaller than the 
amount of change ( L2 - L2 ' ) in the length of the wire near the 
center of curvature . Accordingly , backlash is created due to 
bending , thus making fine adjustment difficult . 
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[ 0078 ] In contrast , in this exemplary embodiment , the 
bending segments may be configured in various shapes to 
minimize the slack caused by bending . FIG . 4 is a view 
schematically illustrating a slack in a wire according to an 
improved bending segment structure . As illustrated in FIG . 
4 , the improved bending segments 110 are configured in 
such a way that part of the lumens 112 where the bending 
actuation wires are located is open ( see FIG . 5 ) . Herein , t 
denotes the length of an open lumen portion . While the wire 
near the center of curvature has the shorter path due to the 
open lumen portion , the wire on the other side of the center 
of curvature has the path to which an extra length is added 
at the corresponding open lumen portion . In this case , the 
path L2 * of the wire near the center of curvature is equal in 
length to the previous path ( Lz ' of FIG . 3 ) , and the path L , * 
of the wire on the other side of the center of curvature is 
longer than the previous path ( Li ' of FIG . 3 ) . This increase 
in path length is because a sidewall of the open lumen 
portion ( near the center of the bending segments ) on the 
other side of the center of curvature forms a stumbling 
portion 114 and the bending actuation wire 400 passing 
through the path stumbles against the stumbling portion 114 
( see FIG . 5 ) . Accordingly , when bending occurs using the 
improved bending segments , AL is as follows : 

1 

2 

Li = L2 = L = 2 Rtan 

A 
= 

e 

-.- 
L ; = Li ’ – 2 1cos ( ) : 1 + 21 = Li ' +21 ( 1 - cos ( ) 
Li + La = 2 ( R + r ) sind ) + 24R – r ) sin ( g ) +21 ( 1 – cos ( 2 ) = 

4 Rsin ( ) +2 ( 1 - cos 
AL = L1 + L2 – Lý – Ly ' = 4R ( tan ( * ) – sin ( ) – 20 ( 1 - cos ( ? ) ; 

= 

connecting parts 120 are connected by pinning them 
together . As hinge shafts of the connecting parts 120 all have 
the same orientation , the steerable member of FIG . 5B has 
1 degree of freedom at which it bends to the left or right ( as 
shown in the drawing ) . 
[ 0083 ] Each bending segment 110 includes a pair of 
lumens 112 in which the bending actuation wires are located . 
The pair of lumens 112 may be formed by penetrating 
through the wall surface of a hollow body , and they are 
arranged symmetrically about the center of a cross - section 
of the bending segment 110 , spaced a predetermined dis 
tance from each other . 
[ 0084 ] As shown in FIGS . 5A and 5B , the lumens of the 
bending segments 110 are partially open . Specifically , each 
lumen comprises a closed lumen portion 112b and an open 
lumen portion 112a . In the closed lumen portion 112b , the 
inner and outer sides are enclosed by wall surfaces as shown 
in FIG . 5 , so that the bending actuation wire moves only 
within the lumen due to the sidewall structure . In contrast , 
in the open lumen portion 112a , at least part of its sidewalls 
has an open structure . Accordingly , the bending actuation 
wire located in the open lumen portion 112a is movable 
outside the lumen through the open portion . 
[ 0085 ] In this exemplary embodiment , the open lumen 
portion 112a has a structure in which a sidewall 113a on the 
outer side of the bending segment ( which is on the opposite 
side of the center of a cross - section of the bending segment ) 
is open . Accordingly , when bending occurs , the wire 400a 
near the center of curvature moves to an open portion 
( outward direction ) of the open lumen portion , which 
enables the bending segments to be connected on a shorter 
length , as compared with the closed lumen portion . On the 
contrary , a sidewall 113b of the open lumen portion ( near the 
center of the cross - section of the bending segment ) , if 
located on the other side of the center of curvature , forms a 
stumbling portion 114 against which a wire stumbles . 
Accordingly , when bending occurs , the wire 400b on the 
other side of the center of curvature is brought into more 
contact with the bending segment as it stumbles against the 
stumbling portion 114 , thereby reducing the length of the 
slack . 

[ 0086 ] In FIG . 5B , each lumen 112 of the bending seg 
ments 110 is configured in such a way that a closed lumen 
portion 112b is formed at the middle of the lumen length and 
an open lumen portion 112a is located on either side of the 
closed lumen portion 112b . This is merely an example , and 
one side of the lumen 112 along the length may form an open 
lumen portion and the other side may form a closed lumen 
portion . Alternatively , the open lumen portions of a pair of 
adjacent bending segments may be arranged symmetrically 
with respect to the hinge shafts . In this way , the lumens 
where the bending actuation wires are located may be 
variously altered in such a way that a wall surface ( inner 
wall surface ) 113b near the center of a cross - section of the 
bending segments is longer than a wall surface ( outer wall 
surface ) 113a on the other side of the center of the cross 
section thereof . 
[ 0087 ] Although FIG . 5B illustrates that the open lumen 
portion 112a is longer than the closed lumen portion 112b , 
the present invention is not limited thereto and may have 
various configurations depending on the structure of the 
bending segments and the angle of bend . It should be noted 
that the length of the open lumen portion occupying 20 % or 

4 + 

= 
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[ 0079 ] As stated above , with the improved bending seg 
ments 110 configured to reduce the length AL of the slack , 
the movement of the surgical apparatus 1 can be finely 
controlled . Generally , the length t of the open lumen portions 
may be 10 % or more of the length L of the bending 
segments . Although the amount of reduction in the length 
AL of the slack differs depending on the dimension , angle of 
bend , etc. of the bending segments , the length AL of the 
slack may be reduced by approximately 30 % or more . 
[ 0080 ] The improved bending segments may be designed 
in various ways . Hereinafter , various exemplary embodi 
ments of the bending segments will be described in detail 
with reference to FIGS . 5 to 11 . 
[ 0081 ] FIGS . 5A and 5B are views illustrating a structure 
of bending segments with 1 degree of freedom . The bending 
segments 110 shown in FIGS . 5A and 5B have a body with 
hollow channels 111 formed within them . One pair of 
connecting parts 120 is provided on one end of the length of 
the body and other one pair of connecting parts 120 is 
provided on the opposite end . Each pair of connecting parts 
120 is located facing each other on two opposite sides of the 
width of the body , with a hollow channel 111 midway 
between them . 
[ 0082 ] Each bending segment 110 is hinged to adjacent 
bending segments , and connected to them by the connecting 
parts coupled to those of the adjacent ones . In FIG . 5A , the 
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more of the entire lumen length may be advantageous to 
reducing the length of the slack . 
[ 0088 ] The connecting parts of the bending segments can 
be formed in various ways , other than pinning the connect 
ing parts together as shown in FIGS . 5A and 5B . FIGS . 6A 
and 6B illustrate an example of a different type of connect 
ing parts . 
[ 0089 ] The bending segments of FIGS . 6A and 6B each 
include a pair of connecting part 120 on one side and a pair 
of recess parts 121 on the other side . The connecting parts 
110 of a bending segment 110 are accommodated in the 
recess parts 121 of an adjacent bending segment and hinged 
to them . The connecting parts 120 of FIG . 6A each consist 
of a protrusion with a round surface , and the recess parts 121 
each are configured to accommodate the protrusion . Accord 
ingly , each connecting part 120 moves hingedly as it rotates 
within the corresponding recess part 121. The connecting 
parts 120 of FIG . 6B each consist of a protrusion with a 
linear edge at the end , and the recess parts 121 each have a 
V - shaped notch - like groove . Accordingly , the connecting 
parts 120 can move hingedly as the area of contact with the 
recess parts 121 rotates about the axis of rotation , while they 
are in linear contact with the recess parts 121 . 
[ 0090 ) FIGS . 7A and 7b are views illustrating a structure 
of bending segments with 2 degrees of freedom . The bend 
ing segments of FIG . 7B each are connected to adjacent 
bending segments in a way that allows hinge movement , and 
configured in such a way that a hinge shaft h1 connected to 
a bending segment on one side and a hinge shaft h2 
connected to a bending segment on the other side have 
different orientations . Accordingly , the bending segments 
100 of FIGS . 7A and 7B constitute a steerable member that 
is movable at 2 or more degrees of freedom , unlike in FIGS . 
5 and 6 . 
[ 0091 ] Specifically , each bending segment 110 of FIGS . 
7A and 7B includes a pair of connecting parts 120 on one 
side of the length and a pair of recess parts 121 on the other 
side . The pair of connecting parts 120 face each other with 
respect to the center of the bending segment 110 , and the pair 
of recess parts 120 also do likewise . As is the case in FIG . 
6A , the connecting parts 120 each consist of a protrusion 
with a round surface , and the recess parts 121 are configured 
to be rotatable and accommodate the connecting parts . 
[ 0092 ] As illustrated in FIG . 7B , in each bending segment 
110 , a shaft that joins the pair of connecting parts 120 and 
a shaft that runs between the pair of recess parts 121 are 
orthogonal to each other . That is , the pair of connecting parts 
and the pair of recess parts are positioned at different 
locations with respect to a cross - section of the bending 
segment 110 ( more specifically , the pair of connecting parts 
and the pair of recess parts intersect at 90 degrees around the 
body ) . 
[ 0093 ] Hence , the bending segment 110 moves hingedly 
with respect to an adjacent segment on one side on a first 
shaft h1 and with respect to an adjacent segment on the other 
side on a second shaft h2 . That is , the connecting parts of the 
bending segments are configured in such a way that the first 
hinge shaft and the second hinge shaft are arranged in an 
alternating fashion . Accordingly , the bending segments of 
FIG . 7 may move at 2 degrees of freedom . 
[ 0094 ] Each bending segment comprises four lumens that 
are formed along the length . As illustrated in FIG . 7B , each 
lumen 112 is arranged to penetrate a connecting part 120 or 
a recess part 121. Accordingly , the four lumens are posi 

tioned at locations where the connecting parts and the recess 
parts are formed , spaced at 90 - degree intervals around the 
body . 
[ 0095 ] Four bending actuation wires 400 are located in the 
four lumens 112 , respectively . Among them , one pair of 
wires induces bending of one shaft of the steerable member , 
and the other pair of wires induces bending of the other 
shaft . 
[ 0096 ] Each lumen is partially open , as is with the afore 
mentioned example . As illustrated in FIG . 7A , a portion of 
each lumen 112 along the length where a connecting part 
120 or recess part 121 is formed forms a closed lumen 
portion 112b , and the other portion where the connecting 
part 120 or recess part 121 is not formed forms an open 
lumen portion 112a . Needlessly to say , the closed lumen 
portion may be centered on each lumen , and the open lumen 
portion may be positioned on either side of the closed lumen 
portion . Nevertheless , the configuration shown in FIG . 7 
offers the advantage of further reducing the length of the 
slack . 
[ 0097 ] Besides , although FIG . 7B illustrates that the 
lumen 112 penetrates the connecting part 120 or recess part 
121 , the lumen 112 may be diverted from the connecting part 
120 and the recess part 121. Specifically , the connecting 
parts 120 and the recess parts 121 may be spaced at 
90 - degree intervals around the lateral side of the body ( e.g. , 
along the circumference ) of the bending segment 110. Each 
lumen 112 may be located between the connecting part 120 
and the recess part 121 , especially at a point where it is at 
45 degrees to the connecting part 120 and the recess part 
121 . 
[ 0098 ] In this case , as illustrated in FIGS . 8A and 8B , each 
lumen 112 may be configured in such a way that a closed 
lumen portion 112b is formed at the middle of the length of 
the lumen and an open lumen portion 112a is formed on 
either side of the closed lumen portion 112b . 
[ 0099 ] FIGS . 7 and 8 have been explained with respect to 
a connecting part 120 consisting of a protrusion with a round 
surface and a recess part 121 accommodating the connecting 
part 120. However , this is merely an example , and as shown 
in FIG . 6B , the connecting part may consist of a protrusion 
with a linear edge and the recess part may have a V - shaped 
notch - like groove ( see FIGS . 9A and 9B ) . Otherwise , as 
shown in FIGS . 5A and 5B , two connecting parts may be 
pinned together in a way that allows hinge movement , rather 
than each comprising the connecting part and the recess part . 
[ 0100 ] The exemplary embodiments shown in FIGS . 7 to 
9 involve a connecting structure for rotation with respect to 
one shaft , in which a pair of connecting parts is provided at 
one bending segment and a pair of recess parts is provided 
at another bending segment . Besides , one connecting part 
and one recess part may be located on one end of one 
bending segment to face each other with a hollow body 
between them , and the connecting part and recess part of an 
adjacent bending segment may be located the other way 
round , taking into account the layout of the connecting part 
and recess part of the bending segment connected to the 
adjacent bending segment . 
[ 0101 ] FIG . 10 is a view illustrating a steerable member 
using a flexible hinge structure . As illustrated in FIG . 10 , the 
bending segments 110 are in the shape of a disc - like plate , 
and connected by flexible connecting parts 120 situated 
between the bending segments 110. While the steerable 
member of FIGS . 5 to 9 can be bent using a mechanical 
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hinge structure of the connecting parts , the steerable member 
of FIG . 10 can be bent using the elasticity of the material of 
the connecting parts . 
[ 0102 ] More specifically , the steerable member of FIG . 10 
consists of a plurality of bending segments 110 formed 
integrally with one another and a plurality of connecting 
parts 120. For example , it may be manufactured by a 
molding method using plastic resin with flexibility . As 
illustrated in FIG . 10 , each bending segment 110 and each 
connecting part 120 have a hollow channel 111 inside them . 
The connecting parts 120 are provided between each bend 
ing segment 110 , and have a wall structure that extends in an 
outer radial direction from two opposite sides of the hollow 
channel . A connecting part 120 ( wall structure ) is arranged 
in a direction perpendicular to the direction in which an 
adjacent connecting part is arranged . Accordingly , the steer 
able member of FIG . 10 may bend at 2 degrees of freedom . 
[ 0103 ] Four lumens 112 where bending actuation wires 
400 are located are arranged at 90 - degree intervals . Each 
lumen 112 is formed at a point where it penetrates the outer 
edge of a connecting part 120. In this instance , as in the 
foregoing exemplary embodiment , each lumen 112 is a 
partially open lumen portion 112. As illustrated in FIG . 5B , 
the closed lumen portion 112b of each lumen is formed at a 
point where it penetrates the connecting part and the open 
lumen portion 112a thereof is formed on either side of the 
closed lumen portion 112b where the bending segment is 
penetrated . Accordingly , the steerable member 100 of this 
exemplary embodiment may bend on the connecting parts 
120 as the bending actuation wires 400 move . 
[ 0104 ] FIG . 11 is a view illustrating a steerable member 
using a flexible backbone structure . The steerable member 
100 of FIG . 11 comprises bending segments 110 each 
consisting of a disc - like plate and connecting parts 120 using 
a backbone structure for connecting the centers of the 
bending segments . The connecting parts 120 may consist of 
individual members provided between each bending seg 
ment , or may consist of a single member that penetrates 
through a plurality of bending segments . In this case , the 
connecting parts 120 may comprise a flexible material , and 
may bend when the bending actuation wires 400 move . 
[ 0105 ] The steerable member of FIG . 10 also includes four 
lumens 112 , and each lumen is partially open . Specifically , 
the lumen 112 may include a closed lumen portion 112b 
formed at the middle part of the length of the lumen and an 
open lumen portion 112a formed on either side of the closed 
lumen portion 112b . 
[ 0106 ] In the exemplary embodiments set forth above , 
bending segments capable of minimizing slack are used to 
prevent backlash caused by ding . The steerable member 
may be configured in other various ways in order to prevent 
backlash . 
[ 0107 ] FIGS . 12 to 14 are views illustrating a steerable 
member with a lateral supporting member 130. The lateral 
supporting member 130 comprises an elastic material or 
super - elastic material , and exerts a restoration force for 
returning to the original shape when its shape is deformed . 
That is , this steerable member may include at least one 
lateral supporting member within it , and may be configured 
to restore the elasticity of the lateral supporting member to 
the initial position when it is bent . 
[ 0108 ] FIGS . 12A to 12C are views illustrating bending 
properties provided by a lateral supporting member . As 
illustrated in FIG . 12 , if at least one bending actuation wire 

400 is pulled by manipulating the manipulating part , the 
steerable member 100 bends in the corresponding direction . 
In this case , the steerable member 100 comprises at least one 
lateral supporting member 130 , and the bending actuation 
wire 400 is manipulated to cause bending by overcoming the 
elasticity of the lateral supporting member 130 ( FIG . 12B ) . 
Afterwards , when the corresponding bending actuation wire 
is released from being pulled ( FIG . 12C ) , the steerable 
member 100 returns to neutral by the elasticity of the lateral 
supporting member 130 . 
[ 0109 ] Conventionally , while the bending actuation wire 
on one side is manipulated to bend in one direction , the 
bending actuation wire on the other side is manipulated to 
return to neutral . Accordingly , a slack occurs due to the 
bending , causing backlash . However , with the use of the 
lateral supporting member as shown in FIGS . 12A to 12C , 
the backlash caused by the slack in the bending actuation 
wire may not be a problem during the bending . 
[ 0110 ] FIGS . 13A to 13E are views illustrating various 
exemplary embodiments of a steerable member using lateral 
supporting members . As illustrated in FIGS . 13A to 13E , the 
steerable member 100 may comprise a plurality of bending 
actuation wires 400 and a plurality of lateral supporting 
members 130. The lateral supporting members 130 may be 
configured in various types of structures , such as a wire 
structure or a hollow tube structure , that can function as 
lateral springs . The bending segments 110 of the steerable 
member 100 are configured to bend at 2 degrees of freedom , 
and may comprise a plurality of lumens 112 for allowing the 
bending actuation wires 400 and the lateral supporting 
members 130 to pass through them along the wall surface of 
the body . 
[ 0111 ] In FIGS . 13A to 13C , a plurality of bending actua 
tion wires 400 and a plurality of lateral supporting members 
130 are placed separately . In FIGS . 13A and 13B , four 
bending actuation wires 400 are arranged at 90 - degree 
intervals around the body of the bending segments 110 , and 
four lateral supporting members 130 are arranged at 45 - de 
gree intervals between each bending actuation wire 400. In 
this case , as shown in FIG . 13A , the four bending actuation 
wires 400 may be arranged to pass through the connecting 
parts 120 of the bending segments , and as shown in FIG . 
13B , the four lateral supporting members 130 may be 
arranged to pass through the connecting parts 120 of the 
bending segments 110. Alternatively , as shown in FIG . 13C , 
a bending actuation wire 400 and a lateral supporting 
member 130 may be arranged as a pair between each 
connecting part location along the circumference , so as not 
to pass through the connecting parts of the bending segments 
110 . 

[ 0112 ] In FIGS . 13D and 13E , the lateral supporting 
members 130 have a hollow tube structure , and the bending 
actuation wires 400 are located inside the lateral supporting 
members 130 , respectively . The lateral supporting members 
130 and the bending actuation wires 400 may be arranged at 
90 - degree intervals around the body of the bending seg 
ments 110. In FIG . 13D , the lateral supporting members 130 
and the bending actuation wires 400 are arranged to pass 
through the connecting parts of the bending segments . In 
FIG . 13E , the lateral supporting members 130 and the 
bending actuation wires 400 are located between each 
connecting part location so as not to pass through the 
connecting parts . 

a 
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2 segment 140 , at a point midway between a pair of wires ( i.e. , 
at a distance of r from each wire ) . 
[ 0119 ] FIG . 15A illustrates the adjacent bending segment 
before bending , and FIG . 15B illustrates the adjacent bend 
ing segment when bent to a radius of curvature R. In B of 
FIG . 15 , the angle of bend between two bending segments 
110 is denoted by 0. Also , it can be assumed that the angles 
Oprox and Odistal of bend between the bending segments and 
the connecting segment created by bending are equal . In this 
case , the following equation is to compare the sum the 
lengths of two wire portions between the two bending 
segments before bending and the sum of the lengths of the 
two wire portions after bending . The lengths of the two wire 
portions before bending are denoted by L , and L2 , respec 
tively , and the lengths of the two wire portions after bending 
are denoted by Li ' and L2 ' , respectively . 1 

Li = L2 = L = 

Li ' = 2 ( R + r ) sin 

L = 2Rsin 

- 

2. = 
Lz ' = 2 ( R – r ) sin ( z ) 

Li + L2 = 2L = 4Rsin ( ) 
L ' + L ' = 2 ( R + r ) sin ( m ) + 2 ( R – r ) sing ) sind ) = 4Rsin ) - + 

Li + L2 = Li ' + L2 ' . 

[ 0113 ] FIGS . 14A to 14C are views illustrating bending 
properties provided by a pre - shaped lateral supporting mem 
ber . The lateral supporting members of FIGS . 12 and 13 
have a shape corresponding to the neutral position of the 
steerable member . Accordingly , the steerable member is 
configured to be bent with the bending actuation wires and 
to return to neutral by the lateral supporting members . In 
contrast , the lateral supporting member 130 of FIG . 14 is 
configured to have a bent shape in one direction so that the 
elasticity of the lateral supporting member 130 contributes 
to bending of the steerable member to one side . 
[ 0114 ] In an example , the lateral supporting member 130 
of FIGS . 14A to 14C is pre - shaped to bend to the left . The 
steerable member with the lateral supporting member 130 in 
it remains bent to the left without any manipulation using the 
bending actuation wire ( FIG . 14A ) . Also , if the bending 
actuation wire 400 moves by a first tensile force F , the 
steerable member can be placed in the neutral position ( FIG . 
14B ) . The first tensile force is large enough to be in 
equilibrium with a moment created by the elasticity of the 
lateral supporting member 130. If the bending actuation wire 
400 moves by a second tensile force F ' , which is larger than 
the first tensile force , the steerable member can bend to the 
right ( FIG . 14C ) . In this case , if the tensile force exerted on 
the bending actuation wire 400 is released by the first tensile 
force , the steerable member can move to neutral ( FIG . 14B ) , 
or if the tensile force exerted on the bending actuation wires 
is completely released , the steerable member can bend to the 
left ( FIG . 14A ) . 
[ 0115 ] In this instance , the steerable member moves the 
neutral position or the initial position by the elasticity of the 
lateral supporting member , thereby enabling bending control 
without backlash . Although FIG . 14 depicts a bending 
mechanism that has 1 degree of freedom using a pre - shaped 
lateral supporting member and bending actuation wires , a 
variety of bending mechanisms using a pre - shaped lateral 
supporting member may be used . 
[ 0116 ] In addition , a bending mechanism using connecting 
segments that causes no backlash , as well as the above 
mentioned method using a lateral supporting member , may 
be used , as shown in FIGS . 15 to 17 . 
[ 0117 ] FIGS . 15A and 15B are views illustrating a wire 
path difference caused by bending of bending segments 
connected by connecting segments . In the foregoing exem 
plary embodiment ( e.g. , in FIGS . 3 to 9 ) , each bending 
segment 110 may be coupled directly to adjacent bending 
segments by the connecting parts 120 provided in the body , 
and rotate relative to one hinge shaft shared between each 
pair of adjacent bending segments . In contrast , as shown in 
FIG . 15 , a connecting segment 140 is provided between each 
pair of adjacent bending segments 110 , and two adjacent 
bending segments are connected to two ends of the connect 
ing segment 140 , respectively . The connecting segment 140 
has a double hinge joint structure that enables two points on 
the connecting segment 140 to be hinged to two different 
members . Accordingly , a pair of adjacent bending segments 
110 is coupled to two ends of the connecting segments , 
respectively , so as to rotate relative to different hinge shafts , 
without sharing a hinge shaft . 
[ 0118 ] Let the distance between the wires on either side of 
a bending segment 110 be 2r and let the distance between 
two hinge shafts of the connecting segment be L. The 
bending segment 110 may be hinged to the connecting 

[ 0120 ] That is , if the steerable member 100 connected by 
the connecting segment 140 is bent , the sum ( L1 - L2 ) of the 
lengths of the two wire portions before bending and the sum 
( Li ' - L2 ' ) of the lengths of the two wire portions after 
bending are substantially equal . Accordingly , any slack 
caused by bending can be prevented . 
[ 0121 ] Needless to say , FIGS . 15A and B assumes that the 
angles Oprox and Odistal of bend between the bending 
segments 140 and the connecting segment 110 are equal 
because bending occurs at each bending segment due to the 
same wire . However , when actual bending occurs , the angles 
of bend between the connecting segment 140 and the 
bending segments 110 are within a substantially similar 
range although they are slightly different . Thus , the length of 
slack can be minimized as compared to the structure in 
which two bending segments are coupled together on a 
single hinge shaft . 
[ 0122 ] FIGS . 16A and B are perspective views illustrating 
a connecting segment and bending segments connected by 
the connecting segment . FIGS . 17A and B are perspective 
views illustrating a steerable member comprising connect 
ing segments . 
[ 0123 ] As illustrated in FIG . 16A , a connecting segment 
140 is hinged to a first bending segment 110a and a second 
bending segment 110b at different points . The connecting 
segment 140 comprises two bodies 141 facing each other . 
Each body 141 includes a first hinge part 142a on one end 
of its length and a second hinge part 142b on the other end 
( see FIG . 16B ) . The first and second bending segments 110a 
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and 110b are coupled to the first and second hinge parts 142a 
and 142b , respectively , so that they move hingedly on 
different hinge shafts . 
[ 0124 ] In FIG . 16 , the first hinge part 142a and the second 
hinge part 142b each consist of a protrusion with a round 
surface , and are accommodated in recess parts 121b formed 
in the bending segments 110 and move hingedly . However , 
this is merely an example , and at least one of the first and 
second hinge parts may be a recess part for accommodating 
the protrusion or may be connected by other hinge structures 
such as pinning . 
[ 0125 ] The connecting segment 140 further comprises a 
guide member 143 with a hollow space inside it that joins 
together the two bodies 141 facing each other . Due to this , 
the connecting segment 130 may form a module . The hollow 
space of the guide member 143 allows various kinds of wire 
members such as the bending actuation wires or the effector 
actuation wire to pass through , and prevents internal com 
ponents from falling out during bending . A cross - section of 
the guide member 143 may be similar to a cross - section of 
the bending segments . In this case , portions through which 
the bending actuation wires pass may be open so as not to 
restrict the movement of the bending actuation wires . 
[ 0126 ] The steerable member of FIGS . 17A and 17B 
comprises a plurality of connecting segments 140 , and 
adjacent connecting segments 140 are configured to have 
hinge shafts orthogonal to each other . Each bending segment 
110 has four lumens 112 so that four bending actuation wires 
400 are respectively located in them . Therefore , the steer 
able member 100 can bend at 2 degrees of freedom ( see FIG . 
17B ) . In this case , the bending actuation wires 400 may be 
located between each hinge shaft location around the body 
of the bending segments 110 so as not to pass through the 
hinge shafts of the connecting segments 140 . 
[ 0127 ] In another exemplary embodiment , FIGS . 18A and 
18B are views schematically illustrating a slack in a wire 
that forms a curved path due to bending of the steerable 
member . While FIGS . 3A and 3B depict a wire that forms a 
bent straight - line path when bending occurs , FIGS . 18A and 
18B depict a wire that forms a curved path when bending 
occurs . If the lengths of two wire portions before bending 
are denoted by L1 and L2 , respectively , and the lengths of 
the two wire portions after bending are denoted by Ll ' and 
L2 ' , respectively , the relationship between the lengths of the 
two wire portions is as follows : 

in FIG . 19A , the steerable member 100 comprises plate - like 
bending segments 110 and wall - like connecting parts 120 
located between the bending segments . Also , four lumens 
112 are formed to penetrate the outer edges of the bending 
segments 100 and connecting parts 120 ( refer to the descrip 
tion of FIG . 10 ) . 
[ 0130 ] As illustrated in FIG . 19B , bending actuation wires 
400 are located inside the path adjusting member 150 in each 
lumen , rather than being located directly in each lumen . The 
path adjusting member 150 comprises an elastic material 
such as metal , and bends when the steerable member 100 is 
bent , thereby forming a curved wire path in this case , the 
elasticity of the path adjusting member does not need to be 
high enough to produce a restoration force as shown in 
FIGS . 13D and 13E , and an elastic force sufficient to form 
a curved path will do ) . Accordingly , the bending actuation 
wires 400 according to this exemplary embodiment bend not 
along a bent straight - line path but along a curved path , 
thereby minimizing the length of the slack . 
[ 0131 ] While this exemplary embodiment has been 
described with respect to an example in which the path 
adjusting member is used for the steerable member using a 
flexible hinge structure , modifications may be made , like 
placing wires in the steerable member shown in FIGS . 11 to 
17 with the use of the path adjusting member . 
[ 0132 ] FIGS . 20A and 20B are views illustrating bending 
of the steerable member . As illustrated in FIG . 20A , at the 
initial stage of the bending , the bending is not uniform 
across the entire steerable member 100 , but it is concentrated 
at the distal end of the steerable member where the bending 
actuation wire 300 ends ( see FIG . 20B ) . Thus , a force is 
transmitted directly to the distal end of the steerable member 
when the wire moves , causing the steerable member to bend 
less at the proximal end . 
[ 0133 ] FIGS . 21A to 21C are cross - sectional views of a 
steerable member according to one exemplary embodiment 
of the present invention . FIGS . 21A to C depict different 
embodiments for improving the concentration of bending at 
the distal end of the steerable member , which involves a 
geometrically enhanced structure in which the steerable 
member bends more easily at the distal end than at the 
proximal end . 
[ 0134 ] Specifically , as shown in FIG . 21A , the bending 
segments 110 have lumens formed at a distance from the 
center of a cross - section of the steerable member , and the 
closer to the proximal end of the steerable member , the more 
distant the lumens in the bending segments get from the 
center of the cross - section of the steerable member . In this 
case , the moment applied to the steerable member 100 is 
smaller at the distal end and increases towards the proximal 
end . Thus , the steerable member 100 bends more easily 
toward the proximal end . 
[ 0135 ] FIG . 21B , the connecting parts 120 may be con 
figured to gradually change in shape along the length of the 
steerable member 100 such that the steerable member bends 
more easily at the proximal end than at the distal end . In an 
example , as illustrated in FIG . 21B , the bending properties 
along the length can be adjusted by configuring the con 
necting parts to have a larger sectional width at the distal end 
than at the proximal end . Alternatively , apart from adjusting 
the width of the connecting parts , the connecting parts may 
be configured in other various ways of shape variation , 
including adjusting the range of movement of connecting 
parts having a joint structure . 

Li + 2 = 4Rtan ( ) 
Li ' + L2 = ( R + r ) + ( R - r ) 0 = 2R0 

ALslack = ( L1 + L2 ) - ( Li ' + L2 ' ) = 4R?tan = 4R ( tan ( ) - ) > 0 
[ ALslack < ALFig 3 = 4R ( tan ( 0/2 ) – sin ( 0/2 ) ) ] . = 3 

[ 0128 ] As compared with the wire of FIG . 3 that forms a 
bent straight - line path when bending occurs , the wire of 
FIG . 18B that forms a curved path can have an approxi 
mately 30 % reduction in the length of the slack . Using this 
principle , the bending actuation wires are configured to form 
a curved path when bending occurs by including a path 
adjusting member , thereby minimizing the slack . 
[ 0129 ] FIGS . 19A and 19B are views illustrating a steer 
able member using a path adjusting member . As illustrated 
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[ 0136 ] Also , as shown in FIG . 21C , the distance between 
the bending segments 110 may change along the length . 
Specifically , the connecting parts 120 may be positioned 
such that the distance between the bending segments gets 
shorter toward the distal end and longer toward the proximal 
end . In this case , the longer the distance between the bending 
segments , the easier the bending of the steerable member . 
This results in restriction of the bending near the distal end 
and improvement in the bending properties near the proxi 
mal end . 
[ 0137 ] The steerable member of this configuration has a 
plurality of bending actuation wires located along the 
lumens , and the distal end of each bending actuation wire is 
fixed by a wire termination member 410 provided at the 
distal end of the steerable member . 
[ 0138 ] FIGS . 22A to 22C are views illustrating a method 
of fixing bending actuation wires by a wire termination 
member . As the steerable member and the bending actuation 
wires are very small in size , fixing individual bending 
actuation wires to the distal end of the steerable member is 
highly difficult . Accordingly , this exemplary embodiment 
uses a wire termination member capable of easily fixing a 
plurality of bending actuation wires . 
[ 0139 ] As illustrated in FIG . 22A , the wire termination 
member 410 has a thread 411 on one side , and is screwed to 
the distal end of the steerable member 100. Also , the wire 
termination member includes a plurality of holes 412 
through which a plurality of bending actuation wires pass , 
and the holes 412 are formed at locations corresponding to 
the lumens in the steerable member . Accordingly , the wire 
termination member can be screwed to the distal end of the 
steerable member while the bending actuation wires 400 are 
inserted in the holes of the wire termination member ( FIG . 
22B ) , thereby making it easy to fix the bending actuation 
wires ( FIG . 22C ) . 
[ 0140 ] The wire termination member may be a component 
that is provided between the steerable member and the end 
effector . In this case , the wire termination member may be 
screwed to the distal end of the steerable member , and the 
end effector may be connected to the wire termination 
member . Alternatively , as illustrated in FIG . 23 , the end 
effector 300 may be used as the wire termination member by 
fixing the bending actuation wires 400 to the inside of the 
end effector 300 and screwing the end effector 300 directly 
to the distal end of the steerable member 100 . 
[ 0141 ] Although FIGS . 22A to 22C have been described 
with respect to a steerable member having the structure 
shown in FIG . 10 , it is needless to say that the bending 
actuation wires can be likewise fixed even if the steerable 
member has other structures . 
[ 0142 ] In the above discussion , various exemplary 
embodiments of the steerable member have been described 
with reference to FIGS . 5 to 22. The steerable member is 
described as a component of the surgical apparatus that has 
an end effector , but the present invention is not limited 
thereto . For example , the present invention is applicable to 
bendable steerable members for various kinds of surgical 
instruments , such as an imaging unit or a lumen unit with a 
working channel . 
[ 0143 ] Referring back to FIG . 2 , the end effector 300 is 
provided at the distal end of the steerable member . As 
described above , the end effector 300 may be coupled 
directly to the distal end of the steerable member 100 or 
coupled to it through a component such as the wire termi 

nation member . The end effector 300 comprises various 
types of surgical elements 311 for use in surgery . FIG . 2 
illustrates an end effector comprising a forceps by way of 
example . 
[ 0144 ] The proximal end of the end effector 300 is con 
nected to the effector actuation wire 500. The effector 
actuation wire 500 is located in the channels 111 of the 
steerable member 100 , and mechanically connected to the 
manipulating part 10 through the steerable member 100 and 
the flexible member 200. Accordingly , the effector actuation 
wire 500 actuates the end effector 300 as it moves length 
wise by the manipulating part 10 . 
[ 0145 ] FIGS . 24A to 24B are cross - sectional views sche 
matically illustrating the operating principle of the end 
effector . The end effector 300 operates in a first mode when 
the effector actuation wire 500 is pulled in the direction of 
the manipulating part 10 ( FIG . 24A ) , and operates in a 
second mode when the effector actuation wire 500 is pulled 
in the direction of the end effector 300 ( FIG . 24B ) . The first 
mode involves closing the forceps of the end effector , and 
the second mode involves opening the forceps . The action of 
pulling the effector actuation wire 500 in the direction of the 
manipulating part may be done easily by the driving part of 
the manipulating part , thereby transmitting the force to the 
end effector . On the other hand , the action of bringing the 
effector actuation wire 500 back in the direction of the end 
effector 300 may not be done properly by the driving part 
400 because the effector actuation wire has a wire structure . 
Accordingly , in this exemplary embodiment , the end effector 
400 may include an elastic body 341 to perform a second 
mode operation by pulling the effector actuation wire 500 
using the elasticity of the elastic body 341 . 
[ 0146 ] Specifically , as illustrated in FIG . 24 , an effector 
module of the end effector comprises an instrument portion 
310 for performing a surgical operation and an actuation 
portion 320 for actuating the instrument portion 310. The 
instrument portion 310 is linked to the actuation portion 320 , 
and configured such that the surgical elements 311 are 
opened or closed on both sides by the movement of the 
actuation portion 320 while a joint 330 of the instrument 
portion 310 is fixed . The elastic body 341 may be located at 
the proximal end of the actuation portion . When the effector 
actuation wire 500 is pulled by the manipulating part 10 , the 
actuation portion 320 moves backward while pushing the 
elastic body 341 and the surgical elements 311 are therefore 
closed ( FIG . 24A ) . Also , when the force acting on the 
effector actuation wire 500 is released by the manipulating 
part 10 , the restoration force of the elastic body 341 causes 
the actuation portion 320 to move in the direction of the 
instrument portion 310 , thereby opening the surgical ele 
ments 311 ( FIG . 24B ) . In this way , the operative mechanism 
of the end effector can be simplified with the use of the 
elastic body . 
[ 0147 ] The structure of the end effector using the elastic 
body may be designed in various ways . FIG . 25 is a view 
illustrating an example of such an end effector . As illustrated 
in FIG . 25 , the end effector 300 may comprise an effector 
module 301 and a body portion 340 where the effector 
module 301 is mounted . The instrument portion 310 of the 
effector module 301 is configured to be exposed to the distal 
end of the body portion 340 , and the actuation portion 320 
thereof is accommodated inside the body portion 340. A 
joint 330 connecting the instrument portion 310 and the 
actuation portion 320 may be fixed at the body portion 340 , 

2 
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and the actuation portion 320 may reciprocate inside the 
body portion 340. The elastic body 341 provided inside the 
body portion 340 is located behind the actuation portion 320 , 
and the proximal end of the actuation portion 320 is con 
nected to the effector actuation wire 500. Accordingly , the 
instrument portion 310 may be manipulated by moving the 
actuation portion 320 with the effector actuation wire 500 
and the elastic body 341 . 
[ 0148 ] Also , all or part of the end effector 300 may be 
detachably connected to the distal end of the steerable 
member 100. Accordingly , a variety of instruments needed 
for surgery may be selectively fastened and used . In an 
example , the end effector 300 of FIG . 25 is configured such 
that the effector module 301 is attachable to or detachable 
from the distal end of the effector actuation wire 500. The 
effector module 301 and the distal end of the effector 
actuation wire 500 may be detachably fastened in various 
ways ; for example , they may be magnetically fastened 
together according to the exemplary embodiment illustrated 
in FIG . 25. Accordingly , at least either the proximal end of 
the actuation portion 320 or the distal end of the effector 
actuation wire 500 consists of a magnetic body , which 
enables the fastening . 
[ 0149 ] As described above , a surgical instrument accord 
ing to this exemplary embodiment comprises a bendable 
steerable member 100 and an operable end effector 300 . 
Also , the steerable member 100 and the end effector 300 are 
moved by a plurality of wire members such as the bending 
actuation wires 400 and the effector actuation wire 500 . 
These wire members are arranged to pass through the 
steerable member 100 and the flexible member 200. Accord 
ingly , if the wire members are linearly arranged so that each 
of them has the shortest path , the movement of the wires 
may be restricted or affected by the bending of the steerable 
member or flexing of the flexible member . Therefore , in this 
exemplary embodiment , at least one sleeve forming a path 
of travel of a wire member may be provided inside the 
steerable member or the flexible member . This sleeve is 
longer than the maximum length of the portion where the 
sleeve is provided ( for example , the length of that portion 
when bent or flexed ) , so the wire members have a long 
enough path even when the steerable member is bent or the 
flexible member is flexed . 

[ 0151 ] FIG . 27A is a view illustrating a path of travel of 
the bending actuation wire . As illustrated in FIG . 27A , a 
sleeve 600 for securing the path of the bending actuation 
wire 400 may be provided . In this case , one end of the sleeve 
600 is fixed at the proximal end of the steerable member 100 
or the distal end of the flexible member 200 , and the other 
end is fixed at the proximal end of the flexible member 200 
( see FIGS . 27B and 27C ) . The sleeve 600 is configured to 
have an extra length added to the linear length of the portion 
where the sleeve is placed . Accordingly , the bending of the 
steerable member 100 will not be affected by the flexing of 
the flexible member 200 . 

[ 0152 ] FIGS . 28 and 29 are views illustrating a path of 
travel of a bending actuation wire 400 with two bendable 
portions . While the previous drawings illustrate a structure 
in which the steerable member 100 has one bending portion , 
the steerable member 100 may be divided into a distal end 
steerable portion 101 and a proximal end of steerable portion 
102 , which can bend separately . In this case , the distal end 
steerable portion 101 is bent with a distal end bending 
actuation wire 401 , and the proximal end steerable portion 
102 is bent with a proximal end bending actuation wire 402 . 
One end of the distal end bending actuation wire 401 is fixed 
at the distal end of the distal end steerable portion 101 , 
passes through the lumens in the distal end steerable portion 
101 , and then extends to the manipulating part 10 through 
hollow channels of the steerable member 100 and flexible 
member 200. Also , one end of the proximal end bending 
actuation wire 402 is fixed at the distal end of the proximal 
end steerable portion 102 , passes through the lumens in the 
proximal end steerable portion 102 , and then extends to the 
manipulating part 10 through hollow channels of the flexible 
member 200. In this instance , two distal end bending actua 
tion wires 401 and two proximal end bending actuation 
wires 402 may be provided and have 1 degree of freedom in 
each bending portion , or four distal end bending actuation 
wires 401 and four proximal end bending actuation wires 
402 may be provided and have 2 degrees of freedom in each 
bending portion . 
[ 0153 ] As illustrated in FIG . 28A , a sleeve 600 for secur 
ing a path of the distal end bending actuation wire 401 may 
be provided . One end of this sleeve 600 may be fixed at the 
proximal end of the distal end steerable portion 101 , and the 
other end may be fixed at the proximal end of the flexible 
member 200 ( see FIGS . 28B and 28C ) . Also , as illustrated 
in FIG . 29A , a sleeve 600 for securing a path of the proximal 
end bending actuation wire 402 may be provided . One end 
of this sleeve 600 may be fixed at the proximal end of the 
proximal end steerable portion 102 , and the other end may 
be fixed at the proximal end of the flexible member 200 ( see 
FIGS . 29B and 29C ) . As is the case with the above 
mentioned sleeves , each sleeve 600 has an extra length , so 
the bending movement of each bending portion can be 
decoupled . 
[ 0154 ] As described above , the sleeves 600 explained with 
reference to FIGS . 26 to 28 have an extra length added to the 
length of the portion where they are placed , and they may 
comprise an elastic material , allowing their shape to change 
along with the movement of the components . Such a sleeve 
structure allows decoupling of the movement of each com 
ponent from the movement of the others , and prevents wire 
members in narrow channels from being twisted or damaged 
by friction . 

[ 0150 ] FIG . 26A is a cross - sectional view illustrating a 
path of travel of the effector actuation wire . As illustrated in 
FIG . 26A , one end of the effector actuation wire 500 is 
mounted at the proximal end of the end effector 300 , and the 
other end is mechanically connected to the manipulating part 
10 ( FIG . 1 ) . One end of a sleeve 600 forming a path of the 
effector actuation wire 500 is fixed in place at the distal end 
of the steerable member 100 or the proximal end of the end 
effector 300. Also , the other end is fixed in place at the 
proximal end of the flexible member 200. In this instance , 
the sleeve 600 is longer than the length of the portion where 
two ends of the sleeve are fixed ( the sum of the length of the 
steerable member and the length of the flexible member ) . 
This extra length added to the sleeve ( FIG . 26B ) gives more 
room for the path of the effector actuation wire 500 even 
when the steerable member 100 is bent ( FIG . 26C ) . Accord 
ingly , the movement of the end effector 300 may be 
decoupled from the bending movement of the steerable 
member 100 to prevent its movement from being affected by 
the bending movement of the steerable member 100 . 
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[ 0155 ] FIG . 30 is a view illustrating a connecting structure 
of the end of a surgical instrument and the manipulating part . 
As explained above , the surgical instruments 30 are respec 
tively located in passages in the insertion part 20 , and the 
end of a surgical instrument is mechanically connected to the 
manipulating part 10. The manipulating part 10 comprises 
transmission members 700 corresponding to a plurality of 
wire members W of the surgical instrument and couplers 701 
to be fastened to wires . The wire members W of the surgical 
instrument each include a proximal end module M at the 
proximal end , and each proximal end module M is fastened 
to the corresponding coupler 701. Thus , each wire member 
can be moved by each driving part in the manipulating part . 
[ 0156 ] In this case , the insertion part 20 and the manipu 
lating part 10 are attachable to or detachable from each 
other , and the surgical instrument 30 provided in the inser 
tion part 20 , too , is attachable to or detachable from the 
manipulating part 20. This means that the insertion part or 
the surgical instrument can be cleaned or replaced with new 
ones . The surgical instrument 30 and the manipulating part 
10 may be detachably fastened in various ways ; for example , 
they may be magnetically fastened together , as shown in 
FIG . 30. Accordingly , the proximal end of the surgical 
instrument ( specifically , the proximal end modules of the 
bending actuation wires and effector actuation wire ) or the 
distal end of the manipulating part ( specifically , the couplers 
of the transmission members ) may be consist of a magnetic 
body and be attached to or detached from each other by 
magnetic force . 
[ 0157 ] FIGS . 31 and 32 schematically illustrate the con 
figuration of the manipulating part 10 for moving the 
bending actuation wires 400. The wire members W of the 
above - described surgical instrument are mechanically con 
nected to the driving part 40 of the manipulating part 10 and 
move linearly along with the movement of the driving part 
40. The driving part may be constructed using various 
devices such as an actuator , a linear motor , a motor , etc. 
Also , each wire member may be connected to different 
driving parts so that they can move separately . 
[ 0158 ] In this instance , a pair of bending actuation wires 
400 located facing each other within the steerable member 
100 move in opposite directions when bending occurs . 
Specifically , when bending occurs , the bending actuation 
wire near the center of curvature has a shorter path and the 
bending actuation wire on the other side of the center of 
curvature has a longer path . Accordingly , the pair of wires 
facing each other may move simultaneously in opposite 
directions with the use of a single driving part 40. In this 
case , the manipulating part can be designed to be compact 
by reducing the number of driving parts . 
[ 0159 ] In FIGS . 31A and 31B , the manipulating part 
comprises a screw member 41 and a driving part 40 for 
rotating the screw member 41. The screw member 41 may 
be a bi - directional lead screw , which means that two thread 
portions having different orientations are formed on a single 
screw member . Accordingly , the coupler of a transmission 
member to be connected to a first bending actuation wire 403 
is coupled to a first thread 41a , and the coupler of a 
transmission member to be connected to a second bending 
actuation wire 404 is coupled to a second thread 41b . 
Accordingly , as the driving part rotates , the first bending 
actuation wire 403 and the second bending actuation wire 
404 move respectively a corresponding distance , in opposite 
directions on a straight line , thereby causing the steerable 

member to bend . Also , the directions of movement of the 
first bending actuation wire 403 and the second bending 
actuation wire 404 may be reversed by changing the direc 
tion of rotation of the driving part , thus enabling them to 
bend in the reverse direction . 
[ 0160 ] In FIG . 32 , the manipulating part comprises a pair 
of screw members and a driving part 40 for rotating the 
screw members . The pair of screw members consists of a 
first lead screw 42 with a first thread and a second lead screw 
43 with a second thread oriented in the opposite direction to 
the first thread . The first lead screw 42 and the second lead 
screw 43 are connected to the driving part 40 by a gear 44 
and rotate in the same direction along with the rotation of the 
driving part . The first bending actuation wire 403 is 
mechanically connected to the first lead screw 42 , and the 
second bending actuation wire 404 is mechanically con 
nected to the second lead screw 43. Accordingly , as is the 
case in FIG . 31 , when the motor rotates , the first and second 
bending actuation wires may move in opposite directions , 
causing the steerable member to bend . 
[ 0161 ] Although FIGS . 31 and 32 depict the use of a screw 
member as an example to drive the bending actuation wires 
in a pair , it is needless to say that modifications can be made 
using various link structures . 
[ 0162 ] FIGS . 33A and 33B are views schematically illus 
trating the length of a bending actuation wire before and 
after bending in an ideal continuous flexible arm . FIG . 33A 
shows the length of the bending actuation wire before 
bending in an ideal continuous flexible arm , while FIG . 33B 
shows the length of the bending actuation wire after bending 
in an ideal continuous flexible arm being pulled with a 
wire - driven mechanism A ( e.g. a pulley ) . 
[ 0163 ] In an ideal continuous flexible arm , let a bending 
actuation wire be located on two opposite sides of the 
wire - driven mechanism A having a width of 2r , wherein “ r ” 
indicates a radius of the wire - driven mechanism A ; “ L , ” and 
“ L , ” respectively indicate the length of the bending actua 
tion wire from both opposite sides of the wire - driven mecha 
nism A to the bending segment ( not shown ) before bending ; 
“ L , ” and “ L2 " " respectively indicate the length of the 
bending actuation wire from both opposite sides of the 
wire - driven mechanism A to the bending segment ( not 
shown ) after bending ; “ L ” indicates the length from the 
center of the wire - driven mechanism A to the bending 
segment ; “ R ” indicates a radius of curvature when the 
wire - driven mechanism A is pulled as an arrow pointed to , 
and the angle of bend by the wire - driven mechanism A is 
denoted by “ 8 ” . 
[ 0164 ] In the ideal continuous flexible arm shown in 
FIGS . 33A and 33B , the total length of the bending actuation 
wire before and after bending can be represented as the 
following equation : 

before bending : L1 + L2 = 2R0 ; 

a 

a 

??? 
1 

after bending : Li ' + L2 = ( R + r ) 0+ ( R - r ) 0 = 2R0 ; 

Li + L2 = Li ' + L2 : 

[ 0165 ] However , as shown in FIGS . 34A and 34B which 
are view schematically illustrating the length of a bending 
actuation wire before ( shown in FIG . 34A ) and after bending 
( shown in FIG . 34B ) in the actual condition . As FIG . 34B 
illustrated , the bending actuation wire is elongated by being 
pulled ( indicated as AL elongation ) , resulting in slack B on 
the released wire , which causes backlash . In this condition , 
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the total length of the length of the bending actuation wires 
before and after bending can be represented as the following 
equation : 

before bending : Li + L2 = 2R0 ; 
a 

after bending : Li + L2 ' + AL elongation = ( R + r ) 0+ ( R - r ) 
O + AL elongation = 2 RO + AL elongation ; 

L1 + L25L \ ' + Lz ' + AL elongation . 

> 

??? 

interfacing half 815 ' pivotally moves on the right side when 
intermediate joint 81 bends on the right side as shown in the 
FIG . 37B . 
[ 0171 ] FIG . 38 is a view schematically illustrating a slack 
in a wire caused by wire elongation being minimized using 
the tension - regulating member structure in FIG . 36. FIG . 38 
A shows the length of the bending actuation wire before the 
tension - regulating member structure bends , while FIG . 38 B 
shows the length of the bending actuation wire after the 
tension - regulating member structure bends . 
[ 0172 ] In FIGS . 38 A and B , “ L ” indicates respectively the 
height of the first link portion 811 or the second link portion 
812 along a direction of the central axis of the intermediate 
joint 81. “ L , ” indicates the length of a bending actuation 
wire which passes through the lumen between the left side 
of the first link portion 811 and the second link portion 812 
before bending , while “ L , ” ” indicates the length of the 
bending actuation wire in the left side after bending . “ L2 " 
indicates the length of a bending actuation wire which 
passes through the lumen between the right side of the first 
link portion 811 and the second link portion 812 before 
bending , while “ L_ " " indicates the length of the bending 
actuation wire in the right side after bending . “ r ” indicates 
a radius from the central axis of each link portion to the 
lumen that the bending actuation wire passes through . “ R ” 
indicates a radius of curvature when the intermediate joint 
81 bends and the angle of bend is denoted by “ O ” . “ d ” herein 
indicates a distance from the central axis of each link portion 
to each off - axis hinge joints 814 . 
[ 0173 ] As shown in FIGS . 38 A and B , if wire elongation 
is ignored in this exemplary embodiment , the total length of 
the length of the bending actuation wire before and after 
bending can be represented as the following equation : 

1 

a 

2 

" 

a 

2 

L1 = L2 = L ; = 

[ 0166 ] In contrast , in this exemplary embodiment , the 
bending segment may be configured to comprise a series of 
intermediate joints having tension - regulating members to 
minimize the slack caused by elongation . FIG . 35 is a view 
illustrating an exemplary bending segment according to an 
exemplary embodiment of the present invention . In FIG . 35 , 
the bending segment 80 is illustrated to include four inter 
mediate joints 81 , 82 , 83 , 84 arranged along a longitudinal 
axis direction of the bending segment . Each intermediate 
joint 81 , 82 , 83 , 84 has a first link portion 811 , 821 , 831 and 
841 and a second link portion 812 , 822 , 832 and 842 , 
respectively . Each intermediate joint 81 , 82 , 83 , 84 may be 
interstacked orthogonally , in parallel or in any angle with the 
adjacent intermediate joint . 
[ 0167 ] The bending segment 80 further comprises a plu 
rality of lumens 801 passing through each intermediate joint 
81 , 82 , 83 , 84. The same number of bending actuation wires 
( being omitted for clarity ) may be thus correspondingly 
provided to be arranged to pass through each lumen 801 
respectively and cause the bending segment 80 to bend . 
[ 0168 ] Each intermediate joint 81 , 82 , 83 , 84 further 
comprises two tension - regulating member 813 , 823 , 833 and 
843 coupled to the first link portion 811 , 821 , 831 and 841 
and the second link portion 812 , 822 , 832 and 842. Each 
tension - regulating member 813 , 823 , 833 and 843 is con 
figured to compensate for the elongation of the bending 
actuation wires when bending segments bend , whereby the 
length of bending actuation wires is altered and kept in a 
predetermined length . 
[ 0169 ] In FIG . 36 , the tension - regulating member 813 is a 
double - hinged joint comprising two off - axis hinge joints 
814. Each off - axis hinge joint 814 comprises a first inter 
facing half 815 , 815 ' coupled to the first link portion 811 and 
a second interfacing half 816 , 816 ' coupled to the second 
link portion 812 and correspondingly pivoted to the first 
interfacing half 815 , 815 ' . In this exemplary embodiment , 
each first interfacing half 815 , 815 ' may have a protrusion 
end , respectively , while the second interfacing half 816 , 816 ' 
correspondingly may have a recess end . In another exem 
plary embodiment , each first interfacing half may respec 
tively have a recess end instead , while the second interfacing 
half correspondingly has a protrusion end . 
[ 0170 ] Pivotal motion will occur on one of the two off - axis 
hinges 814 depending on bending orientation . FIGS . 37A 
and 37B illustrates pivotal motion of one of the tension 
regulating member of FIG . 36 , wherein FIG . 37A is a front 
view of the tension - regulating member bending on the left 
side , and FIG . 37B is a front view of the tension - regulating 
member bending on the right side . As shown in FIG . 37A , 
the intermediate joint bends in a bending orientation on the 
left side on the left hinge 814 which is offset from the 
longitudinal axis direction , whereby only first interfacing 
half 815 pivotally moves on the left side . Similarly , only first 

Li ' = 2 ( R + r ) sin ( 0/2 ) ; L2 ' = 2 ( R – r ) sin ( 0/2 ) ; = = 

Li = L2 = L = L = 2 ( R- d ) tan ( 0/2 ) ; 
Li + L2 = 4 ( R - d ) tan ( 0/2 ) ; 

Li ' + L2 ' = 2 ( R + r ) sin ( 0/2 ) + 2 ( R – r ) sin ( 0/2 ) = 4Rsin ( 0/2 ) ; = 

Herein , R = L / ( 2tan ( 0/2 ) ) + d ' ; 

AL = ( L1 + L2 ) - ( Ll ' + L2 ' ) 
= 2L - 4Rsin ( 0/2 ) 

= 2L - 4 ( L / ( 2tan ( 0/2 ) ) + d ) ( sin ( 0/2 ) . 

a 2 

[ 0174 ] FIG . 39 is a diagram of the simulation result 
illustrating the total length change ( AL ) of the bending 
actuation wires as a function of the bending angle o calcu 
lated using Matlab . For example , when , L = 2 , d = 0.45 , AL 
remains < 0 when 0 is within the range of motion of the 
designed joint ( 0 to 45 degrees ) ; so the slack caused by wire 
elongation can be compensated by AL , made possible by 
off - axis hinge joints . 
[ 0175 ] Thus , pivot motion of the intermediate joint 81 
occurs on the hinge 814 located offset from the longitudinal 
axis direction of the intermediate joint 81. The length of 
bending actuation wires is altered and kept in a predeter 
mined length in that the elongation of the bending actuation 
wires is compensated by the off - axis pivot motion . 

a 
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[ 0176 ] FIG . 40 is a block diagram illustrating a surgical 
instrument according to an exemplary embodiment of the 
present invention . FIG . 41 is a schematic view illustrating a 
surgical instrument according to an exemplary embodiment 
of the present invention . As illustrated in FIG . 40 and FIG . 
41 , a steerable member 100 that is bendable is provided at 
the distal end of the surgical instrument 30. The steerable 
member 100 has a plurality of bending segments 110 with 
hollow channels ( not shown in FIGS . 40 and 41 ) that are 
connected together . Each bending segment 110 comprises a 
plurality of lumens 112 that are formed lengthwise . A 
flexible member 200 comprising a flexible material is pro 
vided at the proximal end of the steerable member 100. The 
flexible member 200 may comprise a hollow tube where 
various types of wire members connected from the distal end 
of the surgical apparatus 1 are located . Optionally , an end 
effector 300 is provided at the distal end of the steerable 
member 100 , and the end effector 300 may be selectively 
actuated by an effector actuation wire 500 ( e.g. see FIGS . 2 , 
24-26 ) . 
[ 0177 ] Each bending segment 110 of the steerable member 
100 is connected to adjacent bending segments in a way that 
allows hinge movement , and bent by a bending actuation 
wire 400 ( see , e.g. FIG . 2 ) . In this exemplary embodiment , 
a first bending actuation wire 403a and a second bending 
actuation wire 403b that are located in separate lumens 112 
to pass through the steerable member 100 and the flexible 
member 200 , and the distal ends of the first bending actua 
tion wire 403a and second bending actuation wire 403b are 
connected to the steerable member 100 and their proximal 
ends are mechanically connected to a drive member 160 . 
Accordingly , when the first bending actuation wire 403a and 
second bending actuation wire 403b are moved by the drive 
member 160 , the plurality of bending segments 110 move 
hingedly , thus causing 1 - DOF bending motion of the steer 
able member 100 . 
[ 0178 ] The drive member 160 comprises a first motor 161 , 
a second motor 162 , a first motion transmitting unit 163 and 
a second motion transmitting unit 164. The first motor 161 
is coupled to the first bending actuation wire 403a via a first 
motion transmitting unit 163 , so that the power from the first 
motor 161 may be transmitted to the first bending actuation 
wire 403a to make it actuate . Similarly , the second motor 
162 is coupled to the second bending actuation wire 403b via 
a second motion transmitting unit 164 , transmitting the 
power from the second motor 162 to actuate the second 
bending actuation wire 403b . In this exemplary embodi 
ment , the first motion transmitting unit 163 and the second 
motion transmitting unit 164 may be a lead screw or ball 
screw , but not limited to this . 
[ 0179 ] A tension monitoring member 170 is further pro 
vided , comprising : a first sensor 171 and a second sensor 
172. The first sensor 171 is coupled to the first motion 
transmitting unit 163 and coupled to the first bending 
actuation wire 403a . The first sensor 171 may provide a first 
feedback signal S1 responsive to sensing change in tension 
force of the first bending actuation wire 403a between the 
pre - bending and the desired bending motion . Similarly , a 
second sensor 172 is coupled to the second motion trans 
mitting unit 164 and the second bending actuation wire 
403b . The second sensor 172 may provide a second feed 
back signal S2 responsive to sensing change in tension force 
of the second bending actuation wire 403b between the 
pre - bending and the desired bending motion . In this embodi 

ment , the first sensor 171 and the second sensor 172 are load 
cells , but not limited to this . The change in tension force of 
the first bending actuation wire 403a or the second bending 
actuation wire 403b provides an electrical value change ( e.g. 
voltage , current or other parameters ) that is calibrated to the 
load placed on the load cell . 
[ 0180 ] The drive member 160 and the tension monitoring 
member 170 as described above are further electrically 
connected to a control member 180. The control member 
180 may provide a first output signal S3 responsive to the 
first feedback signal S1 and transmit to the first motor . Upon 
receiving the first output signal S3 , the first motor 161 will 
be driven to adjust ( i.e. pull or release ) the first bending 
actuation wire 403a . Similarly , the control member 180 may 
provide a second output signal S4 responsive to the second 
feedback signal S2 , and transmit to the second motor 162 to 
adjust the second bending actuation wire 403b . 
[ 0181 ] FIG . 42 is a view illustrating a surgical instrument 
in a bending status according to an exemplary embodiment 
of the present invention . When the first bending actuation 
wire 403a is actuated ( i.e. pulled toward the direction of the 
first motor 161 as shown in FIG . 42 ) in order to bend the 
steerable member 100 , tension of the first bending actuation 
wire 403a and / or the second bending actuation wire 403b 
changes because of various reasons . For example , change in 
the length between before and after bending along the 
bending direction of the second bending actuation wire 403b 
is smaller that of the first bending actuation wire 403a . 
Accordingly , tension of the second bending actuation wire 
403b will be changed and backlash will be created due to 
bending , thus making fine adjustment difficult . 
[ 0182 ] In this exemplary embodiment , the change in ten 
sion force caused by the first bending actuation wire 403a 
can be measured and monitored respectively by the first 
sensor 171 and the second sensor 172 via the voltage change 
induced by tension force . Then , the first feedback signal S1 
and the second feedback signal S2 are provided to the 
control member 180 in response to the voltage change . After 
receiving and processing the first feedback signal S1 and the 
second feedback signal S2 , the control member 180 will 
provide the first output signal S3 and the second output 
signal S4 to the first motor 161 and the second motor 162 , 
separately . Then , the first motor 161 will be motionless in 
response to the first output signal S3 , while the second motor 
162 will release the second bending actuation wire 403b 
toward the direction of the steerable member 100 until the 
predetermined length in response to the second output signal 
S4 , so that the first bending actuation wire 403a and the 
second bending actuation wire 403b will be maintained 
under a predetermined tension again . 
[ 0183 ] FIG . 43 is a block diagram illustrating a surgical 
instrument according to another exemplary embodiment of 
the present invention . FIG . 44 is a schematic view illustrat 
ing a surgical instrument according to another exemplary 
embodiment of the present invention . The end effector 300 
may be subjected to various external forces as it is brought 
into frequent contact with a body wall or creates friction 
against a body material while being pushed forward along a 
pathway in the body or creates reaction force when operates 
the end effector 300. In the traditional surgery , a surgeon 
feels such external force by their own finger ( s ) . However , in 
the robotic surgery , surgeons cannot feel the external force 
directly and all they can do is guess only by their observation 
or experience . 
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[ 0184 ] Thus , in this embodiment , the surgical instrument 
30 provided herein may function together with a surgeon 
station 190 via a communication member 191 . 
[ 0185 ] The first sensor 171 and the second sensor 172 as 
described above may be configured to determine whether an 
external force is applied or not , depending on whether the 
potential difference between the sensed value and the value 
that tension in normal operation applied to the steerable 
member 100 exceeds a preset threshold value AVth . When 
the external force is determined to be applied , the first sensor 
171 and the second sensor 172 will provide a first external 
force signal S5 and a second external - force signal S6 
respectively to the control member 180. The control member 
180 will further provide an instruction signal S7 transmitted 
via communication member 191 in response to the first 
external - force signal S5 and the second external - force signal 
S6 . 
[ 0186 ] The communication member 191 may be a build - in 
one within the control member 180 or an external one . Also , 
the communication member 191 may use any telecommu 
nication technology in the art . For example , in some 
embodiments , the communication member 191 may com 
prise a wireless transmitter and a wireless receiver ( not 
shown in FIGs ) . In other embodiments , where the signal is 
digital , or digitized , and modulated by the control member 
180 , wireless transmitter may be configured according to a 
standard protocol , e.g. , Bluetooth® . Alternatively , any other 
suitable configuration of hardwired or wireless transmitter , 
standard or proprietary , may be used . Further , wireless 
transmitter may include an antenna ( not shown ) extending 
therefrom to facilitate transmission of the signal to wireless 
receiver . 
[ 0187 ] The surgeon station 190 is adapted to be manually 
manipulated by surgeons to , in turn , control motion of the 
surgical instrument 30 in response to the surgeons ' manipu 
lation . In this embodiment , the surgeon station 190 is 
configured to display information related to resistance force 
or vibration in response to the instruction signal S7 to 
surgeon station 190. In one embodiment , the control mem 
ber 180 as described above may comprise a haptic feedback 
controller ( not shown in the FIGS ) to process and transmit 
the instruction signal S7 in form of haptic feedback . The 
haptic feedback may be provided through various forms , for 
example , mechanosensation , including , but not limited to , 
vibrosensation ( e.g. vibrations ) , force - sensation ( e.g. resis 
tance ) and pressure - sensation , thermoperception ( heat ) , and / 
or cryoperception ( cold ) . The surgeon station 190 may 
comprise a haptic joystick ( not shown in the FIGS ) to 
transfer haptic feedback to the surgeons to inform them of 
the external force . 
[ 0188 ] In other embodiments , the information related to 
resistance force or vibration may be shown as graphical 
information or acoustic information . The surgeon station 
190 herein may be various types known in the art that 
comprises a user's interface to display such graphical infor 
mation or acoustic information . With the surgical instrument 
30 provided herein , the external force may be detected and 
monitored by the tension monitoring member 170 and be 
displayed in a visualized form or be sensed by haptic 
feedback . Thus , surgeons can apply additional force using 
master device in the surgeon station timely against the 
external force , even in a tele - operation condition . Also , the 
accuracy to perform surgeries using the surgical instrument 
30 will be increased . 

[ 0189 ] In a further aspect , the present invention further 
provides a personalized master controller for use with robots 
and the like , and particularly to robotic surgical devices , 
systems , and methods . In robotically assisted surgery , the 
surgeon typically operates a master controller to remotely 
control the motion of robotic surgical devices at the surgical 
site . The master controller may be separated from the patient 
by a significant distance ( e.g. , across the operating room , in 
a different room , or in a completely different building than 
the patient ) . Alternatively , a master controller may be posi 
tioned quite near the patient in the operating room . Regard 
less , the master controller will typically include one or more 
manual input handles so as to move a surgical apparatus 1 
as shown in FIG . 1 based on the surgeon's manipulation of 
the manual input handle . Typically , the manual input handle 
may be designed so as to allow smooth motion in the six 
degrees of freedom which may correspond to translations in 
three axes , as well as rotation in three axes . 
[ 0190 ] Further , in order to drive the surgical instrument 30 
to perform various surgical operations , the manual input 
handle itself may provide a degree of freedom for gripping 
motion . For example , a built - in gripping device may be 
further provided at the proximal end of the manual input 
handle , so that the gripping device may be levered to allow 
an operator to emulate the motion of scissors , forceps , or a 
hemostat and control actuation of surgical instrument 30 , 
such as , to actuate the end - effector 300 ( see FIG . 1 ) to move 
tissue and / or other material at the surgical site by gripping 
the same . However , such a gripping device may not be 
replaceable , and thus operators have no choice but are forced 
to use the manual input handle with the gripping device that 
they may not very familiar with . Precise control using a 
master controller for surgical operations may thus become 
more difficult . 
[ 0191 ] For the reasons outlined above , it would be advan 
tageous to provide improved devices , systems , and methods 
for robotic surgery , telesurgery , and other telerobotic appli 
cations . In an exemplary embodiment , a personalized master 
controller is provided herein . FIG . 45 is a block diagram 
illustrating a personalized master controller according to an 
exemplary embodiment of the present invention . The per 
sonalized master controller 9 may be coupled to a processor 
P ( e.g. a computer ) that is electrically connected to the 
surgical apparatus 1. As provided herein , the personalized 
master controller 9 may comprise a control platform 90 , a 
connecting part 91 , and an interchangeable grip 92. As 
shown in FIG . 45 , the control platform 90 may be configured 
to define and input one or more movement signals to control 
movement of the surgical apparatus 1 ( see , e.g. FIG . 1 ) via 
the processor P. 
[ 0192 ] In some alternative embodiments , the control plat 
form 90 may be a serial manipulator , comprising : a number 
of rigid links connected with joints as described in U.S. Pat . 
Nos . 7,714,836 , 7,411,576 , and 6,417,638 , which are incor 
porated herein by reference in their entirety . For example , as 
shown in FIG . 46 , this type of the control platform 90 may 
comprise : a body 900 comprising a base 900a , an input 
handle 901 and a first plurality of sensors 902. The base 
900a may rotate with respect to a first axis A01 having a 
substantially vertical orientation . The input handle 901 may 
comprise a first link 903 , a second link 904 and a gimbal 
structure comprising an outer gimbal 907 and an inner 
gimbal 908. The first link 903 is pivoted to the body 900 via 
a first joint 905 which allows the first link 903 to move with 
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respect to a second axis A02 having a substantially perpen 
dicular orientation relative to the first axis A01 . The second 
link 904 is pivoted to the first link 903 via a second joint 906 
which allows the second link 904 to move with respect to a 
third axis A03 which is substantially parallel to the second 
axis A02 . 
[ 0193 ] Agimbal structure is mounted to the free end of the 
second link 904 comprising an outer gimbal 907 and an 
inner gimbal 908. The outer gimbal 907 is pivotally sup 
ported by the second link 904 and allowed to rotate with 
respect to a fourth axis A04 which is substantially perpen 
dicular to the third axis A03 . The inner gimbal 908 is 
pivotally supported by the outer gimbal 907 and allowed to 
rotate with respect to a fifth axis A05 which is substantially 
perpendicular to the fourth axis A04 . A connecting part 91 
( FIG . 48A ) is mounted on the inner gimbal structure 908 and 
allows the interchangeable grip 92 that is electrically con 
nected thereto to rotate with respect to a sixth axis A06 . 
[ 0194 ] The connecting part 91 mounted on the inner 
gimbal structure 908 electrically connects the input handle 
901 and the interchangeable grip 92. FIG . 47 is a perspective 
view illustrating a connecting part connected to the control 
platform according to an exemplary embodiment of the 
present invention . In one embodiment , the connecting part 
91 may be a plug - and - socket type connector , but not limited 
to this . As shown in FIG . 47 , in one embodiment , a one 
prong plug 911 of the connecting part 91 may be coupled to 
the inner gimbal 908 while a corresponding socket structure 
912 may be mounted at the distal end of the interchangeable 
grip 92 ( see FIGS . 48B , 48D and 48F ) , such that the 
interchangeable grip 92 can be connected to on the inner 
gimbal structure 908 and be allowed to rotate with respect a 
sixth axis A06 which is substantially perpendicular to the 
fifth axis A05 . Alternatively , in some embodiments , the 
one - prong plug 911 of the connecting part 91 may be 
coupled to the distal end 924 of the interchangeable grip 92 
while the socket structure 912 may be mounted the inner 
gimbal 908 ( see FIG . 48 ) . 
[ 0195 ] Thus , the control platform 90 can provide six 
degrees of freedom movement including three translational 
degrees of freedom in X , Y , and directions ) and three 
rotational degrees of freedom ( in pitch , yaw , and roll 
motion ) . The input handle 901 thereby can provide a plu 
rality of position parameters P1 when it is translatable itself 
or with the mounted interchangeable grip 92 in X , Y , and Z 
direction with respect to the control platform 90 and / or 
provide a plurality of orientation parameters P2 when it is 
rotatable itself or with the mounted interchangeable grip 92 
in pitch , yaw , and roll motion with respect to the control 
platform 90 . 
[ 0196 ] In one embodiment , one or more first sensors 902 
may be mounted to the input handle 901 and configured to 
and generate one or more first movement signals S8 in 
response to the above - mentioned position parameters P1 
and / or the orientation parameters P2 . The first sensors 902 , 
may , for example , be mounted to the first joint 905 , the 
second joint 906 and / or the gimbal structure 907. In some 
embodiments , the first sensors 902 may be any type of 
sensors capable of measuring the position parameters P1 
and / or the orientation parameters P2 based on the status or 
changes such as position , orientation , force , torque , speed , 
acceleration , strain , deformation , magnetic field , angle and / 
or light ( but not limited to this ) caused by the motion of the 
input handle 901 and / or mounted interchangeable grip 92 . 

For example , the first sensors 902 may be pressure or force 
sensor , including but not limited to a piezoelectric sensor , a 
simple piezoelectric crystal , a Hall - Effect or a resistive strain 
gauge sensor , etc. , all of which can be either stand - alone or 
integrated with signal - conditioning electronics ( Wheatstone 
bridge , low - noise amplifier , A / D converter , etc. ) into a single 
chip or single package sealed module . In other embodi 
ments , may be an angle sensor , or a rotational sensor , but not 
limited to this . In a specific embodiment , the first sensor 902 
may be a Hall - Effect sensor . As known in the art , the 
Hall - Effect sensor may be used in the presence of a corre 
sponding magnet element ( not shown in the FIGs . ) to sense 
the magnetic field responding to the position parameter P1 
and / or the orientation parameter P2 . Then , the first sensors 
902 may produce a first movement signal S8 to control 
movement of the surgical apparatus 1 ( e.g. , roll , translation , 
or pitch / yaw movement ) accordingly . 
[ 0197 ] FIGS . 48A to 48F are perspective views illustrating 
an interchangeable grip according to various exemplary 
embodiments of the present invention . In one embodiment , 
the interchangeable grip 92 provided herein may comprise a 
detachable handle 921 to mimic actual handles from manual 
surgical instruments . i.e. , it may be the same size and shape , 
and can be squeezable or fixed , in order to provide realism 
to the surgeon . For example , two grip levers 922 , 923 shown 
in FIG . 48 A may be pivoted at the proximal end of the 
detachable handle 921 so as to provide a degree of freedom 
of pinching or grasping motion . Both grip levers 922 , 923 
may be allowed to move toward each other relative to the 
detachable handle as indicated by arrows H to provide a 
degree of freedom of pinching or grasping motion . To mimic 
actual standard surgical handles depending on a field , sur 
geon , or operation , the detachable handle 921 and grip levers 
922 , 923 may be designed to be interchangeable as various 
types of surgical tools such as tweezers or laparoscopic hand 
Instruments as shown in FIG . 48C to 48F , respectively . 
[ 0198 ] Also , in some embodiments , the detachable handle 
921 may be mounted to or detach from the socket structure 
912 at its distal end 924. The socket structure 912 provided 
herein may be capable of electrically connecting to or 
disconnecting from the one - prong plug 911 of the connect 
ing part 91 see FIGS . 48B , 48D and 48F ) , so that the 
detachable handle 921 may be instrumented accordingly to 
receive relevant gripping motion input from the surgeon and 
the corresponding control signals are subsequently produced 
and transmitted to the surgical apparatus 1 via the control 
platform 90 . 
[ 0199 ] To sense gripping motion of the interchangeable 
grip 92 , in one embodiment , the detachable handle 921 may 
define an inner hollow tubular space where a second sensor 
925 may be housed to sense at least one parameter P3 based 
on the status or changes such as position , orientation , force , 
torque , speed , acceleration , strain , deformation , magnetic 
field , angle and / or light ( but not limited to this ) caused by the 
motion of the grip levers 922 , 923 . 
[ 0200 ] In some embodiments , the second sensor 925 may 
be any type of sensors known in the art . For example , the 
second sensors 905 may be pressure or force sensor , includ 
ing but not limited to a piezoelectric sensor , a simple 
piezoelectric crystal , a Hall - Effect or a resistive strain gauge 
sensor , etc. , all of which can be either stand - alone or 
integrated with signal - conditioning electronics ( Wheatstone 
bridge , low - noise amplifier , A / D converter , etc. ) into a single 
chip or single package sealed module . In other embodi 
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ments , the second sensors 925 may be an angle sensor , or a 
rotational sensor , but not limited to this . In a specific 
embodiment , the second sensor 902 may be a Hall - Effect 
sensor . The Hall - Effect sensor may be used in the presence 
of a corresponding magnet element ( not shown ) to sense the 
magnetic field as known in the art , such that the Hall - Effect 
sensor may measure the gripping parameters P3 and / or P4 
based on the status or changes of the magnetic field caused 
by the motion of the grip levers 922 , 923. Then , the 
Hall - Effect sensor may produce a second movement signal 
S9 that can control the movement of the end - effector 300 
shown in FIG . 1 accordingly . ( e.g. opening and closing 
( gripping ) movement of the end - effector 300 that may be a 
gripping device ( e.g. , jaws or blades ) . ) 
[ 0201 ] FIG . 49 is a view schematically illustrating a 
personalized master controller according to another exem 
plary embodiment of the present invention . FIG . 50 is view 
schematically illustrating parts of the control platform of the 
personalized master controller in FIG . 49. In this embodi 
ment , the control platform 90 may be a device comprising 
parallel kinematics structures , in particular , a Delta parallel 
kinematics structure device ( for example , as described in US 
2008/0223165 A1 which is incorporated herein by reference 
in its entirety ) . As shown in FIG . 49 , the control platform 90 
is adapted to provide up to six degrees of freedom ( i.e. up to 
three translational degrees of freedom in X , Y , and Z 
directions and up to three rotational degrees of freedom in 
pitch , yaw , and roll orientations to provide a position param 
eter and an orientation parameter , respectively . 
[ 0202 ] In this embodiment , the control platform 90 may 
comprise : a base member 93 , a moveable member 94 , and 
three parallel kinematics chains 95 coupling the base mem 
ber 93 and the moveable member 94 , respectively . Each 
parallel kinematics chain 95 having a first arm 951 moveable 
in a respective movement plane 950 which is at a distance 
to a symmetry axis ( 1.e. the central line perpendicular to the 
base member 93 ) . Each first arm 951 is coupled with its 
associated mounting member 96 such that each first arm 951 
may be rotated or pivoted with respect to the associated 
mounting member 96 and , thus , with respect to the base 
member 93 . 

[ 0203 ] The parallel kinematics chains 95 comprising a 
second arm 952 may be coupled to the moveable member 
94. Each second arm 952 may be considered as parallelo 
gram including two linking bars 952a , 952b . At proximal 
end of the second arm 952 , each linking bar 952a and 952b 
may be coupled with the moveable member 94 by a joint or 
hinge 97. At the distal end of the second arm 952 , each 
linking bar 952a , 952b are coupled with an end of its 
associated first arm 951 by a joint or hinge 97. Each second 
arm 952 , particularly each linking bar 952a , 952b , may have 
two rotational degrees of freedom at both ends . 
[ 0204 ] Thus , each kinematics chain 95 connected between 
the base member 93 and the moveable member 94 may be 
moved in a movement space defined by the base member 93 , 
the moveable member 94 , and three parallel kinematics 
chains 95 to provide up to three translational degrees of 
freedom ( along the X , Y , and Z directions , respectively as 
shown in FIG . 50 ) , generating one or more position param 
eters P1 . More details for the Delta parallel kinematics 
structure device may be referred to , for example , US 2008 / 
0223165 Al which has been incorporated herein by refer 
ence in its entirety . 

[ 0205 ] In addition , up to three rotational degrees of free 
dom may be provided by a wrist structure 940 coupled to the 
moveable member 94 , comprising a three pivotable connec 
tions 941 , 942 and 943 , for example in form of pivot joints . 
Each of the pivotable connections 941,942 and 943 provides 
a rotational degree of freedom with respect to the moveable 
member 94 ( in yaw , pitch , and roll orientations respectively 
in FIG . 51 ) , and generates one or more orientation param 
eters P2 thereby . 
[ 0206 ] There are a plurality of first sensors 902 provided 
to detect one or more position parameters P1 and / or the 
orientation parameters P2 caused by the movement of three 
parallel kinematics chains 95 and the moveable member 94 , 
followed by generating first movement signals S8 in 
response to the parameter ( s ) P1 and or P2 . For example , 
some first sensors 902 may be installed to each mounting 
member 96 respectively to detect at least one parameter 
caused by the motion of the associated first arm 951. Other 
first sensors 902 may be installed to all or parts of joint or 
hinge 97 respectively to detect at least one parameter caused 
by the motion of the associated second arm 952. Alterna 
tively , three first sensors 902 may be provided at three 
pivotable connections 941 , 942 and 943 respectively . 
[ 0207 ] FIG . 51 is an enlarged view of a portion of FIG . 49 
showing the interchangeable grip being attached to the 
moveable member of the control platform according to an 
exemplary embodiment . FIG . 52 is also an enlarged view of 
a portion of FIG . 49 showing the interchangeable grip being 
detached from the moveable member of the control platform 
according to an exemplary embodiment . As shown in FIG . 
52 , a connecting part 91 is further mounted on the pivotable 
connection 943 , such that it can electrically connect the 
input handle 901 and the interchangeable grip 92. As shown 
in FIG . 52 , in one embodiment , the connecting part 91 may 
comprise be a plug - and - socket type connector , but not 
limited to this . For example , a one - prong plug 911 of the 
connecting part 91 may be coupled to the detachable handle 
921 of the interchangeable grip 92 via a thread 913 , while a 
corresponding socket structure 912 may be mounted at the 
pivotable connection 943 , so that that the interchangeable 
grip may be attached to ( see FIG . 51 ) or detached from ( see 
FIG . 52 ) the pivotable connection 943 and allowed to rotate 
with respect to the rotational axis A10 of the pivotable 
connection 943 . 

[ 0208 ] As seen above , several exemplary embodiments of 
a surgical apparatus have been described . However , these 
exemplary embodiments are for illustrative purposes only . 
For example , the above - described surgical instruments may 
be configured as individual surgical apparatuses , or they 
may be applied to a variety of medical devices , such as a 
lumen unit or imaging unit with a working channel , as well 
as to a surgical apparatus with an end effector . Furthermore , 
various embodiments of a steerable member may be inte 
grated or otherwise adapted for a variety of surgical appa 
ratuses , including , but not limited to , catheters , endoscopes , 
and surgical robots that are bendable at the distal end 
thereof . 

[ 0209 ] As used herein , the terms " comprises , " " compris 
ing , ” “ includes , ” “ including , " " has , ” “ having , ” or any other 
variation thereof , are intended to cover a non - exclusive 
inclusion . For example , a process , product , article , or appa 
ratus that comprises a list of elements is not necessarily 
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limited only those elements but may include other elements 
not expressly listed or inherent to such process , product , 
article , or apparatus . 
[ 0210 ) Furthermore , the term “ or ” as used herein is gen 
erally intended to mean “ and / or ” unless otherwise indicated . 
For example , a condition A or B is satisfied by any one of 
the following : A is true ( or present ) and B is false ( or not 
present ) , A is false ( or not present ) and B is true ( or present ) , 
and both A and B are true ( or present ) . As used herein , a term 
preceded by “ a ” or “ an ” ( and “ the ” when antecedent basis is 
“ a ” or “ an ” ) includes both singular and plural of such term , 
unless clearly indicated otherwise ( i.e. , that the reference " a " 
or “ an ” clearly indicates only the singular or only the plural ) . 
Also , as used in the description herein , the meaning of “ in ” 
includes “ in ” and “ on ” unless the context clearly dictates 
otherwise . 
[ 0211 ] It will also be appreciated that one or more of the 
elements depicted in the drawings / figures can also be imple 
mented in a more separated or integrated manner , or even 
removed or rendered as inoperable in certain cases , as is 
useful in accordance with a particular application . Addition 
ally , any signal arrows in the drawings / figures should be 
considered only as exemplary , and not limiting , unless 
otherwise specifically noted . The scope of the disclosure 
should be determined by the following claims and their legal 
equivalents . 
[ 0212 ] In some embodiments is a surgical apparatus com 
prising : a surgical apparatus comprising : a steerable member 
that is bendable and comprises a plurality of bending seg 
ments with channels therein ; and a plurality of bending 
actuation wires that are arranged to pass through the steer 
able member and cause the steerable member to bend , the 
steerable member comprising at least one lumen through 
which the bending actuation wires pass , and the lumen being 
partially open outward . In some embodiments , the bending 
segments are hinged to adjacent bending segments . In other 
embodiments , the connecting parts of each bending segment 
are pinned to an adjacent bending segment . In other embodi 
ments , the connecting parts of each bending segment are 
accommodated in recess parts of the adjacent bending 
segment and hinged thereto . In other embodiments , each 
connecting part comprises a protrusion with a round surface , 
and each recess part is shaped to accommodate each con 
necting part such that each connecting part may rotate . In 
other embodiments , each connecting part comprises a pro 
trusion with a linear edge , and each recess part is shaped like 
a V - shaped notch such that each connecting part may rotate 
while in linear contact with each recess part . In alternative 
embodiments , a pair of connecting parts are provided facing 
each other on one side of the length of each bending 
segment , a pair of recess parts are provided facing each other 
on the other side of the length of each bending segment , and 
the pair of connecting parts and the pair of recess parts are 
arranged in a direction perpendicular to each other so as to 
permit bending in at 2 degrees of freedom . In other embodi 
ments , four lumens are formed along the length of each 
bending segment , and each lumen passes through at least a 
portion of a connecting part or a recess part . In some aspects , 
each lumen comprises a closed lumen portion and an open 
lumen portion , and a portion of each lumen passing through 
the connecting part or the recess part forms a closed lumen 
portion and the other side of the connecting part or the recess 
part forms an open lumen portion . In other embodiments , 
each bending segment has four lumens along the length , and 

each lumen is located between the locations of the connect 
ing part and recess part along the circumference . In other 
embodiments , each lumen comprises a closed lumen portion 
and an open lumen portion , wherein the closed lumen 
portion is formed at the middle of the lumen length and the 
open lumen portion is formed on both sides of the closed 
lumen portion . In some embodiments , the steerable member 
comprises a plurality of plate - like bending segments and 
connecting parts of flexible material located between the 
bending segments . In other embodiments , the connecting 
parts are formed integrally between the bending segments 
and extend from two edge of the channels provided at the 
center of the bending segments to an outward direction , and 
the connecting parts are formed in a direction perpendicular 
to adjacent connecting parts . In other embodiments , the 
bending actuation wires are arranged to pass through the 
bending segments and the connecting parts , and each lumen 
with a bending actuation wire provided therein has a struc 
ture in which a portion located at a connecting part forms a 
closed lumen and a portion formed at a bending segment is 
open outward . In other embodiments , the connecting parts 
are configured to connect the centers of adjacent bending 
segments . 

[ 0213 ] In some embodiments of the surgical apparatus 
further comprises an end effector provided at the distal end 
of the steerable member . In some embodiments , the end 
effector is connected to an effector actuation wire located in 
the channels of the steerable member such that it may be 
actuated by moving the effector actuation wire , and at least 
part of the end effector is detachably provided the distal 
end of the effector actuation wire . In some embodiments , at 
least part of the end effector is magnetically connected to the 
distal end of the effector actuation wire . In other embodi 
ments , the end effector comprises an effector module com 
prising : an instrument portion for performing a surgical 
operation , and an actuation portion connected to the effector 
actuation wire to actuate the instrument portion , wherein at 
least either the proximal end of the effector module or the 
distal end of the effector actuation wire comprises a mag 
netic body . In some embodiments , the surgical apparatus 
further comprises an effector actuation wire that is located in 
the channels of the steerable member and connected to the 
end effector to actuate the end effector , and the end effector 
further comprises an elastic body that is configured to 
produce an elastic force in the opposite direction to a force 
applied by the effector actuation wire . In other embodi 
ments , the effector actuation wire is configured such that the 
end effector operates in a first mode when pulled by the 
effector actuation wire and operates in a second mode while 
not pulled by the effector actuation wire . In other embodi 
ments , a forceps of the end effector is closed in the first mode 
and open in the second mode . In some embodiments , the end 
effector comprises : an instrument portion for performing a 
surgical operation ; an actuation portion connected to the 
effector actuation wire to actuate the instrument portion ; and 
a body portion forming a path along which the actuation 
portion reciprocates , wherein the elastic body is located at 
the proximal end of the actuation portion and applies an 
elastic force in a direction that pushes the actuation portion . 
In other embodiments , the actuation portion and the distal 
end of the effector actuation wire are configured to be 
attachable to or detachable from each other . In other embodi 
ments , at least either the actuation portion or the distal end 
of the effector actuation wire comprises a magnetic body . 
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[ 0214 ] In some embodiments of the surgical apparatus , a 
wire termination member for fixing the distal ends of the 
bending actuation wires is provided at the distal end of the 
steerable member . In some embodiments , the wire termina 
tion member has a thread such that the bending actuation 
wires are fixed by screwing the wire termination member to 
the distal end of the steerable member . In other embodi 
ments , the bending actuation wires are arranged to be fixed 
by being pushed while wound between the distal end of the 
steerable member and the wire termination member . In some 
embodiments , the wire termination member comprises at 
least one hole through which the distal ends of the bending 
actuation wires pass , and the wire termination member is 
provided at the distal end of the steerable member . In other 
embodiments , the holes in the wire termination member are 
formed at locations corresponding to the lumens in the 
steerable member . In other embodiments , the surgical appa 
ratus further comprises an end effector provided at the distal 
end of the steerable member , the wire termination member 
being the end effector . 
[ 0215 ] In some embodiments is a surgical apparatus com 
prising : a steerable member that is bendable and comprises 
a plurality of bending segments with channels therein ; a 
plurality of bending actuation wires that are arranged to pass 
through the steerable member and cause the steerable mem 
ber to bend , and the steerable member comprising at least 
one lumen through which the bending actuation wires pass ; 
wherein the surgical apparatus further comprises : a flexible 
member comprising a flexible material that is provided at the 
proximal end of the steerable member ; and at least one 
sleeve forming a path of travel of a wire passing through the 
steerable member or the flexible member , both ends of 
which are fixed to the inside thereof . In some embodiments , 
the wire comprises the bending actuation wires . In some 
embodiments , the body of the sleeve is longer than the 
longest possible path that is formed between two points at 
which both opposite ends of the sleeve are fixed when the 
steerable member or the flexible member is bent , in order to 
minimize the effect of the bending of the steerable member 
or flexible member on the movement of the wire in the 
sleeve . In some embodiments , the steerable member and the 
flexible member have a hollow space for the sleeve to be 
placed therein . In some embodiments , a second sleeve out of 
the at least one sleeve forms a path for the distal end bending 
actuation wire , one end of the second sleeve being fixed at 
the proximal end of the distal end steerable portion or the 
distal end of the proximal end steerable portion and the other 
end being fixed at the proximal end of the flexible member . 
In other embodiments , the second sleeve comprises an 
elastic material so that the distal end bending actuation wire 
is located along a curved path when the distal end steerable 
portion is bent . In some embodiments a third sleeve out of 
the at least one sleeve forms a path along for the proximal 
end bending actuation wire , one end of the third sleeve being 
fixed at the proximal end of the proximal end steerable 
portion or the distal end of the flexible member and the other 
end being fixed at the proximal end of the flexible member . 
In other embodiments , the third sleeve comprises an elastic 
material so that the proximal end bending actuation wire is 
located along a curved path when the oximal end steerable 
portion is bent . 
[ 0216 ] In some embodiments is a surgical apparatus com 
prising : ( Amended ) A surgical apparatus comprising : a 
steerable member that is bendable and comprises a plurality 

of bending segments with channels therein ; a plurality of 
bending actuation wires that are arranged to pass through the 
steerable member and cause the steerable member to bend , 
and the steerable member comprising at least one lumen 
through which the bending actuation wires pass ; a flexible 
member comprising a flexible material that is provided at the 
proximal end of the steerable member and forms a path 
along which the bending actuation wires pass ; and a manipu 
lating part that is provided at the proximal end of the flexible 
member for actuating the bending actuation wires , wherein 
the proximal ends of the bending actuation wires are attach 
able to or detachable from the manipulating part . In other 
embodiments , the proximal ends of the bending actuation 
wires and effector actuation wire are magnetically and 
detachably connected to the manipulating part . 
[ 0217 ] In some embodiments is a surgical apparatus , 
wherein the bending actuation wires comprise a first bending 
actuation wire , and a second bending actuation wire that 
causes the steerable member to bend in the opposite direc 
tion to the first bending actuation wire , wherein screw 
members rotating in the same direction are provided at the 
proximal end of the first bending actuation wire and the 
proximal end of the second bending actuation wire and are 
configured to move in synch with each other in opposite 
directions . In some embodiments , the proximal end of the 
first bending actuation wire is configured to move along a 
first thread , and the proximal end of the second bending 
actuation wire is configured to move along a second thread 
oriented in the opposite direction to the first thread . In other 
embodiments , the first tread and the second thread are 
configured to rotate in the same direction by a single driving 
part . In other embodiments , the screw members are bi 
directional lead screws , each having first and second thread 
portions formed on a single body . In other embodiments , the 
screw members comprise : a first lead screw with a first 
thread ; and a second lead screw with a second thread , 
wherein the first lead screw and the second lead screw are 
configured to move in sync with each other by a gear and 
rotate simultaneously by a single driving part . 
[ 0218 ] In some embodiments of the surgical apparatus , the 
steerable member has a geometric shape configured to bend 
more easily at the distal end than at the proximal end . In 
some embodiments , the bending segments have a geometric 
shape configured such that the steerable member bends more 
easily closer to its proximal end . In some embodiments , the 
bending segments have lumens formed at a distance from 
the center of a cross - section of the steerable member , and the 
closer to the proximal end of the steerable member , the more 
distant the lumens in the bending segments get from the 
center of the cross - section of the steerable member . In some 
embodiments , the steerable member further comprises a 
plurality of connecting parts located between the bending 
segments , wherein the connecting parts have a geometric 
shape configured such that the steerable member bends more 
easily closer to its proximal end . In other embodiments , the 
connecting parts are configured to have a smaller sectional 
width toward the proximal end of the steerable member so 
that the corresponding parts of the steerable member bend 
more easily . In other embodiments , the connecting parts are 
configured to increase in diameter along the length toward 
the proximal end of the steerable member so that the 
corresponding parts of the steerable member bend more 
easily . 
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[ 0219 ] In some embodiments is a surgical apparatus , com 
prising : a steerable member that is bendable ; an end effector 
provided at the distal end of the steerable member ; and an 
effector actuation wire that is arranged to pass through the 
steerable member and connect to the end effector to actuate 
the end effector , the end effector comprising an elastic body 
that produces an elastic force in the opposite direction to the 
force applied by the effector actuation wire . In some 
embodiments , the end effector is configured to operate in a 
first mode when pulled by the effector actuation wire and is 
configured to operate in a second mode by the elastic force 
of the elastic body while not pulled by the effector actuation 
wire . In other embodiments , the end effector is actuated in 
such a way that surgical elements at the distal end are closed 
in the first mode and open in the second mode . In other 
embodiments , the end effector further comprises an effector 
module comprising : an instrument portion for performing a 
surgical operation ; an actuation portion connected to the 
effector actuation wire to actuate the instrument portion ; and 
a body portion forming a path along which the actuation 
portion reciprocates . In other embodiments , the elastic body 
is located at the proximal end of the actuation portion for 
applying an elastic force to push the actuation portion in the 
direction of the distal end . In some embodiments , the 
effector module and the distal end of the effector actuation 
wire are configured to be attachable to or detachable from 
each other . In other embodiments , the effector module and 
the effector actuation wire are magnetically connected 
together . 
[ 0220 ] In some embodiments is a surgical apparatus , com 
prising : a steerable member that is bendable ; a plurality of 
bending actuation wires that are arranged to pass through the 
steerable member and cause the steerable member to bend ; 
and a wire termination member provided at the distal end of 
the steerable member to fix the bending actuation wires , 
wherein the wire termination member has a thread for 
engaging with the distal end of the steerable member , such 
that the bending actuation wires are fixed by screwing the 
wire termination member and the steerable member 
together . In some embodiments , the bending actuation wires 
are configured to be fixed by winding between the distal end 
of the steerable member and the wire termination member . 
In other embodiments , the wire termination member com 
prises at least one hole through which the distal ends of the 
bending actuation wires pass , and the wire termination 
member is provided at the distal end of the steerable 
member . In other embodiments , the holes in the wire ter 
mination member are formed at locations corresponding to 
the lumens in the steerable member . In some embodiments , 
the end effector is provided on the wire termination member . 
In some embodiments , the surgical apparatus further com 
prises an end effector provided at the distal end of the 
steerable member , the wire termination member being the 
end effector . 

[ 0221 ] In some embodiments is a surgical apparatus , com 
prising : a steerable member that is bendable ; a first bending 
actuation wire that is arranged to pass through the steerable 
member to cause the steerable member to bend in a first 
direction ; a second bending actuation wire that is arranged 
to pass through the steerable member to cause the steerable 
member to bend in a second direction which is opposite to 
the first direction ; and at least one screw member to which 
the proximal end of the first bending actuation wire and the 
proximal end of the second bending actuation wire are 

coupled , such that the steerable member bends in the first or 
second direction by rotating the at least one screw member . 
In some embodiments , the at least one screw member is 
arranged to rotate about the longitudinal axes of the first and 
second bending actuation wires . In some embodiments , the 
proximal end of the first bending actuation wire and the 
proximal end of the second bending actuation wire are 
configured to move in sync with each other in opposite 
directions by rotation of the at least one screw member . In 
other embodiments , when the at least one screw member is 
configured to rotate in a first direction of rotation to move 
the proximal end of the first bending actuation wire back 
ward and the proximal end of the second bending actuation 
wire forward , thereby causing the steerable member to bend 
in the first direction , and a second direction of rotation to 
move the proximal end of the first bending actuation wire 
forward and the proximal end of the second bending actua 
tion wire backward , thereby causing the steerable member to 
bend in the second direction . In some embodiments , the 
proximal end of the first bending actuation wire is engaged 
with and moves along a first thread , and the proximal end of 
the second bending actuation wire is engaged with and 
moves along a second thread oriented in the opposite 
direction to the first thread . In other embodiments , the first 
thread and the second thread are configured to rotate in the 
same direction , such that the proximal end of the first 
bending actuation wire and the proximal end of the second 
bending actuation wire are configured to move in sync with 
each other in opposite directions . In some embodiments , the 
at least one screw member is a bi - directional lead screw 
having first and second thread portions formed on a single 
body . 
[ 0222 ] In some embodiments is a surgical apparatus , com 
prising : a steerable member that is bendable ; and a plurality 
of bending actuation wires that are arranged to pass through 
lumens in the steerable member and cause the steerable 
member to bend , wherein the steerable member has a 
geometric shape configured such that the steerable member 
bends more easily closer to its distal end . In some embodi 
ments , the geometric shape is configured to provide a 
smaller radius of curvature closer to the proximate end of the 
steerable member . 

[ 0223 ] In some embodiments is a surgical apparatus , com 
prising : a steerable member that is bendable and comprises 
a plurality of bending segments with channels therein ; a 
plurality of bending actuation wires that are arranged to pass 
through the steerable member and cause the steerable mem 
ber to bend ; and a lateral supporting member that comprises 
an elastic material and exerts a restoration force for return 
ing the steerable member to the initial position after bending . 
In some embodiments , the surgical apparatus further 
includes a plurality of lateral supporting members wherein 
the number of lateral supporting members is equal to the 
number of bending actuation wires . In some embodiments , 
the lateral supporting member is configured to bend in sync 
with the steerable member by the movement of the bending 
actuation wires , and the lateral supporting member has an 
elasticity configured such that it returns to its original shape 
when the force exerted on the bending actuation wires is 
released , thus bringing the steerable member back to the 
initial position . In some embodiments , the shape of the 
lateral supporting member before bending is linear . In some 
embodiments , the shape of the lateral supporting member 
before bending is bent to one side . In other embodiments , the 
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lateral supporting members is configured in a tube shape , 
and a bending actuation wire is located inside the lateral 
supporting member . 
[ 0224 ] In some embodiments is a surgical apparatus , com 
prising : a steerable member that is bendable and comprises 
a plurality of bending segments with channels therein and a 
plurality of connecting segments located between the bend 
ing segments ; and a plurality of bending actuation wires that 
are arranged to pass through the steerable member and cause 
the steerable member to bend , wherein two ends of each 
connecting segment are hinged to different bending seg 
ments . In some embodiments , each connecting segment 
comprises : a pair of bodies that form portions hinged to the 
bending segment ; and a guide member that joins together the 
pair of bodies and has a hollow space inside it where the 
bending actuation wires are located . In some embodiments , 
a bending segment connected to one end of each connecting 
segment is rotatable about a first hinge shaft , and a bending 
segment connected to the other end is rotatable about a 
second hinge shaft , and the first hinge shaft and the second 
hinge shaft are parallel to each other . In some embodiments , 
each connecting segment is arranged in a different direction 
from adjacent connecting segments to cause the connected 
bending segments to bend about different axes of rotation , in 
order to enable the steerable member to bend at least 2 
degrees of freedom . In some embodiments , each bending 
segment comprises a plurality of lumens where the bending 
actuation wires are located , the lumens being arranged to not 
pass through the portions hinged to the connecting segment . 
In some embodiments , the bending segments are rotatably 
connected to the connecting segments , and the hinge shafts 
about which the bending segments rotate are in the same 
plane as the ends of the lumens where the bending actuation 
wires are located . 
[ 0225 ] In some embodiments is a surgical apparatus , com 
prising : a steerable member that is bendable and comprises 
a plurality of bending segments , wherein each bending 
segment includes at least an intermediate joint having a first 
link portion and a second link portion and wherein the 
intermediate joint is arranged along a longitudinal axis 
direction of each bending segment ; a plurality of bending 
actuation wires that are arranged to pass through the steer 
able member for causing the steerable member to bend ; 
wherein the steerable member further comprises at least one 
lumen through which the bending actuation wires pass ; and 
the intermediate joint further comprises a tension - regulating 
member which is coupled to the first link portion and the 
second link portion and is configured to regulate the tension 
of bending actuation wires by compensating the elongation 
of the bending actuation wires when bending segments 
bend , whereby the length of bending actuation wires is 
altered and kept in a predetermined tension . In other 
embodiments , the first interfacing half has a protrusion end , 
and the second interfacing half correspondingly has a recess 
end . In other embodiments , the first interfacing half has a 
recess end , and the second interfacing half correspondingly 
has a protrusion end . In some embodiments , the elongation 
of the bending actuation wires is compensated by being 
offset of two off - axis hinges . In some embodiments , the 
bending segment includes a series of interstacked interme 
diate joints . 
[ 0226 ] In some embodiments is a surgical apparatus , com 
prising : a steerable member that is bendable and comprises 
a plurality of bending segments and a plurality of lumens ; a 

bending actuation member , comprising a first bending actua 
tion wire and a second bending actuation wire that are 
arranged to pass through each lumen separately and cause 
the steerable member to bend ; a tension monitoring member , 
comprising : a first sensor that is coupled to the first bending 
actuation wire and configured to provide a first feedback 
signal responsive to sensing change in tension force of the 
first bending actuation wire between the pre - bending and the 
desired bending motion of the steerable member ; a second 
sensor that is coupled to the second bending actuation wire 
and configured to provide a second feedback signal respon 
sive to sensing change in tension force of the second bending 
actuation wire between the pre - bending and the desired 
bending motion of the steerable member ; a drive member , 
comprising : a first motor , coupled to the first bending 
actuation wire and adapted to actuate the first bending 
actuation wire ; a second motor coupled to the second 
bending actuation wire and adapted to actuate the second 
bending actuation wire ; a control member that is electrically 
connected to the tension monitoring member and the drive 
member , wherein the control member is configured to pro 
vide : a first output signal responsive to the first feedback 
signal , so that the first motor is driven to adjust the length of 
the first bending actuation wire to maintain a predetermined 
tension ; and a second output signal responsive to the second 
feedback signal , so that the second motor is driven to adjust 
the length of the second bending actuation wire to maintain 
a predetermined tension . In some embodiments , the second 
bending actuation wire is moveable in an opposite direction 
of the first bending actuation wire . In some embodiments , 
when the first bending actuation wire is configured to be 
actuated to bend the steerable member , and the second 
bending actuation wire is configured to be driven by the 
second motor , so that the second bending actuation wire is 
released and maintained under the predetermined tension in 
response to the second output signal . In some embodiments , 
the first sensor or the second sensor is load cell . In some 
embodiments , the first sensor is further configured to pro 
vide a first external - force signal responsive to sensing an 
external force applied to the steerable member . In some 
embodiments , the second sensor is further configured to 
provide a second external - force signal responsive to sensing 
an external force applied to the steerable member . In other 
embodiments , the control member is further configured to 
provide an instruction signal in response to the first external 
force signal or the second external - force signal . In other 
embodiments , the control member further comprises a hap 
tic feedback controller that is configured to process and 
transfer the information in the form of haptic feedback . In 
other embodiments , the first motion transmitting unit or the 
second motion transmitting unit is a lead screw or a ball 
screw . 

[ 0227 ] In some embodiments is a personalized master 
controller for a surgical apparatus , comprising : a control 
platform that is configured to define and input one or more 
movement signals to the surgical robot , wherein the control 
platform comprises : an input handle that is translatable in a 
first plurality of degrees of freedom to provide a plurality of 
position parameters and / or rotatable in a second plurality of 
degrees of freedom to provide a plurality of orientation 
parameters ; a plurality of first sensors that are coupled to the 
input handle and configured to generate first movement 
signals in response to the position parameters and / or the 
orientation parameters of the input handle ; a connecting part 



US 2021/0322045 A1 Oct. 21 , 2021 
22 

a 

a 

a 

mounted to the input handle and electrically connected to the 
input handle ; and an interchangeable grip , comprising : a 
detachable handle that is electrically connected the connect 
ing part ; one or more grip levers pivoted with respect to the 
detachable handle , wherein each grip lever is moveable in a 
third degree of freedom relative to the detachable handle so 
as to provide a gripping motion parameter ; and a second 
sensor that is coupled to the detachable handle and config 
ured to generate a second movement signal to the control 
platform in response to the gripping motion parameter . In 
some embodiments , the first plurality of sensors or the 
second plurality of sensors includes a rotary encoder , a Hall 
effector sensor , an angle sensor , a rotational sensor or any 
combination thereof . In some embodiments , the connecting 
part further comprises a thread that is coupled to the detach 
able handle and has a first electrical connecting terminal . In 
other embodiments , the detachable handle further comprises 
a second electrical connecting terminal that is electrically 
connected to the first electrical connecting terminal . In some 
embodiments , the interchangeable grip comprises two grip 
levers that are correspondingly pivoted to the detachable 
handle and allow to move toward each other relative to the 
detachable handle . 
What is claimed is : 
1. A surgical apparatus comprising : 
a steerable member having a distal end , and that is 

bendable , comprises a plurality of bending segments , 
each of the bending segments including a body and a 
hollow channel formed within , and surrounded by , the 
body , the body also surrounding a central axis thereof , 
each of the bending segments further comprising : 
a plurality of lumens extending through a portion of the 

body , the lumens circumferentially spaced from one 
another about the central axis , and each of the 
lumens in a body are located the same distance from 
the central axis of the body ; 

a connecting part disposed on one end of the length of 
the body and extending therefrom to connect to an 
adjacent one of the plurality of bending segments ; 
and 

a plurality of bending actuation wires passing through 
lumens in the bodies of the plurality of bending seg 
ments of the steerable member , the bending actuation 
wires configured to cause the steerable member to 
bend , 

wherein a first bending segment is located adjacent to the 
distal end of the steerable member , and a second 
bending segment is located further from the distal end 
than is the first bending segment , and the distance 
between a lumen in the first bending segment and the 
central axis of the first bending segment is greater than 
the distance between a lumen in the second bending 
segment and the central axis of the second bending 
segment . 

2. The surgical apparatus of claim 1 , wherein the body of 
at least one bending segment includes an outer wall , and at 
least one lumen of the plurality of lumens includes a first 
portion surrounded by the material of the body and at least 
one second portion which is partially open to the outer wall 
of the lumen . 

3. The surgical apparatus of claim 1 , wherein the lumens 
of the plurality of lumens in a body of a bendable segment 
are equally circumferentially spaced about the central axis of 
the body . 

4. The surgical apparatus of claim 3 , wherein the body of 
a bending segment includes an outer circumferential surface ; 
and 

at least one of the lumens of the plurality of lumens in a 
body includes a first portion surrounded by the body 
and a second portion only partially surrounded by the 
body , wherein the second portion is uncovered by the 
outer circumferential surface of the body . 

5. The surgical apparatus of claim 3 , wherein the body of 
a bending segment includes an outer circumferential surface ; 
and 

at least one of the lumens of the plurality of lumens in a 
body includes a first portion surrounded by the body , a 
second portion only partially surrounded by the body , 
wherein the second portion is uncovered by the outer 
circumferential surface of the body , and a third portion 
only partially surrounded by the body , wherein the third 
portion is uncovered by the outer circumferential sur 
face of the body , and the first portion of the lumen is 
located between the second portion of the lumen and 
the third portion of the lumen . 

6. A surgical apparatus comprising : 
a steerable member having a distal end and that is 

bendable and comprises a plurality of bending seg 
ments , each of the bending segments including a body 
and a hollow channel formed within and surrounded by 
the body , the body also surrounding a central axis 
thereof , each of the bending segments further compris 
ing : 
a plurality of lumens extending through a portion of the 
body and in a direction parallel to the central axis of 
the body , the lumens circumferentially spaced from 
one another about the central axis , and each of the 
lumens in a body are spaced the same distance from 
the central axis of the body ; 

a connecting part disposed on one end of the length of 
the body and extending therefrom to connect to an 
adjacent one of the plurality of bending segments ; 
and 

a plurality of bending actuation wires passing through 
lumens in the bodies of the plurality of bending seg 
ments of the steerable member , the bending actuation 
wires and configured to cause the steerable member to 
bend , 

wherein at least one of the connecting members of the 
plurality of the bending segments has a different shape 
than the other connecting members of the plurality of 
the bending segments . 

7. The surgical apparatus of claim 6 , wherein , in a first 
bending segment adjacent the distal end of the steerable 
member , the connecting part extends a first distance from the 
end of the body , and in a second bending segment , the 
connecting part extends a second distance from the end of 
the body , and the first distance is greater than the second 
distance . 

8. The surgical apparatus of claim 6 , wherein the con 
necting parts of a first body located toward the distal end of 
the steerable member are longer , in the direction of the 
central axis , than the connecting parts of a second body 
further from the distal end of the steerable member than the 
first body . 

9. The steerable member of claim 6 , wherein the distance 
between the bodies of the steerable member closer to the 
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distal end thereof are spaced farther from each other than the 
distance between the bodies of the steerable member farther 
from the distal end thereof . 

10. The surgical apparatus of claim 6 , wherein the body 
of at least one bending segment includes an outer wall , and 
at least one lumen of the plurality of lumens includes a first 
portion surrounded by the material of the body and at least 
one second portion which is partially open to the outer 
portion of the lumen . 

11. The surgical apparatus of claim 6 , wherein the lumens 
of the plurality of lumens in a body of a bendable segment 
are equally circumferentially spaced about the central axis of 
the body . 

12. The surgical apparatus of claim 6 , wherein the body 
of a bending segment includes an outer circumferential 
surface ; and 

at least one of the lumens of the plurality of lumens in a 
body includes a first portion surrounded by the body 
and a second portion only partially surrounded by the 

body , wherein the second portion is uncovered by the 
outer circumferential surface of the body . 

13. The surgical apparatus of claim 6 , wherein at least one 
of the lumens of the plurality of lumens in a body includes 
a first portion surrounded by the body , a second portion only 
partially surrounded by the body , wherein the second portion 
is uncovered by the outer circumferential surface of the 
body , and a third portion only partially surrounded by the 
body , wherein the third portion is uncovered by the outer 
circumferential surface of the body , and the first portion of 
the lumen is located between the second portion of the 
lumen and the third portion of the lumen . 

14. The surgical apparatus of claim 6 , wherein the body 
includes an outer circumferential surface and an inner cir 
cumferential surface , and the outer sidewall of the connect 
ing part extends from the outer circumferential surface , and 
the inner sidewall is spaced from the inner circumferential 
surface in the direction of the outer circumferential surface . 
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