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FLEXIBLE SURGICAL INSTRUMENT AND
DRIVING UNIT THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application claims the priorities of
Chinese patent application No. 201610797568 X filed on
Aug. 31, 2016, entitled “Modular flexible surgical instru-
ment system” and Chinese patent application No.
201610799232.7 filed on Aug. 31, 2016, entitled “Driving
unit for driving flexible continuous body structure”, which
two applications are incorporated herein by reference in
their entireties.

TECHNICAL FIELD

[0002] The present invention relates to a medical instru-
ment, and in particular to a flexible surgical instrument.

BACKGROUND ART

[0003] In the single-port laparoscopic surgery and the
natural orifice transluminal non-invasive surgery, all surgi-
cal instruments including a visual illumination module and
a surgical manipulator have access to a surgical site through
a single channel. A distal structure of a surgical instrument
may consist of multiple rods hinged in series, and is driven
by a pulling force from a steel wire rope, so that the surgical
instrument can be turned at an articulated joint. Since the
steel wire rope has to be continuously tensioned by a pulley,
this driving method can hardly lead to further miniaturiza-
tion of the surgical instrument, and also hardly lead to
further improvement of the moving performance of the
instrument.

SUMMARY OF THE INVENTION

[0004] According to an aspect of the invention, there is
provided a flexible surgical instrument, comprising a flex-
ible continuous body structure consisting of a distal struc-
tural body, a middle connecting body and a proximal struc-
tural body linked in sequence. A proximal end of the distal
structural body being linked to the proximal structural body
via the middle connecting body, and a distal end thereof
being linked to a surgical end effector; the distal structural
body consisting of at least one distal structural segment each
comprising a distal fixing disk and structural backbones; and
the proximal structural body comprises at least one proximal
structural segment each comprising a proximal fixing disk,
a proximal base disk and structural backbones. The flexible
surgical instrument further comprises a driving unit linked to
the flexible continuous body structure, the driving unit
comprising: a driving segment fixing disk externally
sheathed over and linked to the proximal fixing disk, a
driving segment base plate externally sheathed over and
linked to the proximal base disk, a driving segment con-
nected between the driving segment fixing disk and the
driving segment base plate and externally sheathed over the
proximal structural body, a structural backbone driving
mechanism fixed to the outside of the middle connecting
body, and driving segment structural backbones with a
middle section passing through the structural backbone
driving mechanism and two ends passing through the driv-
ing segment base plate and then being respectively fixed
onto the driving segment fixing disk, the number of the
structural backbone driving mechanisms equalling to the
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number of the driving segment structural backbones. In this
way, the structural backbone driving mechanisms implement
the turning motion of the driving segment in any direction by
cooperatively pushing and pulling the driving segment struc-
tural backbone, thereby implementing the turning motion of
the proximal structural body in the same direction and the
turning motion of the distal structural body in the opposite
direction.

[0005] In an example, the driving unit further comprises:
a second fixing end plate externally sheathed over and linked
to a first fixing end plate of the middle connecting body, first
structural backbone guide channels with one end being
fixedly connected to the structural backbone driving mecha-
nism and the other end being fixedly connected to the
driving segment base plate, two or more feedback structural
backbones, a part of each feedback structural backbone
being arranged in the driving segment, and potentiometers
equal in number to the feedback structural backbones. The
structural backbone driving mechanisms are fixed onto the
second fixing end plate, and the two ends of the driving
segment structural backbone respectively pass through the
first structural backbone guide channel; and two ends of
each of the feedback structural backbones are respectively
fixed onto the driving segment fixing disk and a slider in the
respective potentiometer, the turning motion of the driving
segment causes the change in length of the part of the
feedback structural backbone that is located in the driving
segment, the change in length causes the feedback structural
backbone to push and pull the slider in the potentiometer
such that the change in length is recorded by the potenti-
ometer and the absolute turned shape of the driving segment
is further obtained.

[0006] In a further example, the structural backbone driv-
ing mechanism comprises: two driving support plates and
one first motor fixing plate arranged at intervals in sequence
and integrally connected via a support column, a structural
backbone driving motor mounted on the first motor fixing
plate, a set of transmission gears and a set of pulleys
rotatably arranged between the two driving support plates,
and a driving gear connected to the structural backbone
driving motor via a first coupling. In this way, the set of
transmission gears and the set of pulleys respectively con-
stitute several pull-gear assemblies, the pulley and the gear
of each of the pulley-gear assemblies are coaxially and
fixedly connected, and the gears mesh with each other; and
the driving segment structural backbone extends between
the pulleys of the pulley-gear assemblies through the first
structural backbone guide channel, the driving gear meshes
with the gear of one of the pulley-gear assemblies to transmit
a driving force, the set of transmission gears and the set of
pulleys rotate together about their respective axes, thereby
pushing and pulling the driving segment structural backbone
by means of frictional forces, and the first structural back-
bone guide channel is fixedly connected to the support
column at one end and is fixedly connected to the driving
segment base plate at the other end.

[0007] In a yet further example, the middle connecting
body comprises a first fixing end plate and second structural
backbone guide channels, the second structural backbone
guide channels being fixed onto the first fixing end plate at
one end and being fixed onto the proximal base disk at the
other end; and the structural backbones on the distal struc-
tural segment are securely connected, in one-to-one corre-
spondence, to or are the same as the structural backbones on
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the proximal structural segment, and one end of the struc-
tural backbone is securely connected to the proximal fixing
disk, and the other end thereof passes through the second
structural backbone guide channel and is then securely
connected to the distal fixing disk.

[0008] In a still further example, the driving unit further
comprises a transmission mechanism disposed within the
middle connecting body, the transmission mechanism com-
prising: a guide block and a transmission spacing disk fixed
onto the proximal base disk via the support column, a
connection block running through a central hole of the guide
block and movable back and forth in the central hole of the
guide block, a actuation wire guide channel with two ends
being respectively fixed onto the first fixing end plate and the
transmission spacing disk, a actuation wire with one end
passing through the actuation wire guide channel and the
central hole of the transmission spacing disk in sequence and
then being fixed onto the connection block, and the other end
passing through the center of the first fixing end plate to
extend into and then extend along with the distal structural
body and finally being fixed onto the surgical end effector,
and a first magnet fixed onto the connection block.

[0009] In a still further example, the driving unit further
comprises a surgical end effector driving mechanism, the
surgical end effector driving mechanism comprising: a con-
nection frame configured to be linked to a multi-degree-of-
freedom robotic arm, a second motor fixing plate, a support
plate and a bevel gear box mounted on the connection frame,
a surgical end effector driving motor mounted on the second
motor fixing plate, a pair of transmission gears rotatably
arranged on the support plate, a sliding groove jacket
mounted on the bevel gear box, a threaded rod located
within the sliding groove jacket and coaxially fixed to an
output end of the bevel gear box, a nut in threaded fit with
the threaded rod, two sliding blocks arranged spaced apart
from each other in the sliding groove jacket and capable of
sliding back and forth, an anti-rotation slider securely con-
nected to one of the two sliding blocks, a second magnet
mounted on the front end of the other of the two sliding
blocks, and a spring with two end being fixedly connected
to the two sliding blocks, respectively. The surgical end
effector driving motor drives the threaded rod to rotate by
means of a second coupling, the pair of transmission gears
and the bevel gear box, and an input gear of the pair of
transmission gears is coaxially fixed to the second coupling
and an output gear thereof is coaxially fixed to an input end
of the bevel gear box; under the action of the anti-rotation
slider, the threaded rod rotationally drives the nut and the
sliding block to slide back and forth under the guidance of
a lateral groove of the sliding groove jacket; the second
magnet is coupled with the first magnet to transmit a
push-pull motion, thereby implementing the motion control
of the surgical end effector; and the spring causes the nut to
output a stable and controllable pushing or pulling force to
the actuation wire within a limited sliding travel, preventing
the surgical end effector from generating an excessive snap
force.

[0010] In a still further example, the flexible surgical
instrument is able to be mounted on an end disk of the
multi-degree-of-freedom robotic arm via the connection
frame, and the multi-degree-of-freedom robotic arm com-
prises four or more joints, the joints being able to implement
the overall lateral deflection and the overall feed freedom of
the flexible surgical instrument with a surgical site incision
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point as the fixed point, and able to implement the overall
rotation freedom of the flexible surgical instrument about its
own axis.

[0011] In a still further example, the distal structural
segment further comprises a bellows and a bellows connec-
tion plate; the structural backbones of the distal structural
segment pass through structural backbone passage holes
distributed in several sections of the bellows, and have front
ends thereof fixed onto the distal fixing disk; the distal end
of the bellows section at the most distal end is securely
connected to the distal fixing disk, the proximal end of the
bellows section at the most proximal end is connected to the
front end of the structural backbone guide channels in the
middle connecting body, and the remaining ends of the
bellows sections are all securely connected to the bellows
connection plate; and a plurality of actuation wire spacing
disks are further distributed at intervals in each of the
bellows sections, and the actuation wire of the surgical end
effector passes through the center of each of the actuation
wire spacing disks in sequence.

[0012] In a still further example, the distal structural
segment further comprises a plurality of distal spacing disks
distributed at intervals between the distal fixing disk and the
middle connecting body, and the structural backbones of the
distal structural segment pass through structural backbone
passage holes distributed in each of the distal spacing disks,
and have the front ends thereof fixed onto the distal fixing
disk; the actuation wire of the surgical end effector passes
through the center of each of the distal spacing disks in
sequence; the proximal structural segment further comprises
a plurality of proximal spacing disks distributed at intervals
between the proximal fixing disk and the proximal base disk,
and the structural backbones of the proximal structural
segment have one end thereof fixed onto the proximal fixing
disk and the other end thereof pass through structural
backbone passage holes distributed in the proximal spacing
disks in sequence, and are then securely connected, in
one-to-one correspondence, to or are the same as the struc-
tural backbones of the distal structural segment; and the
driving unit further comprises a plurality of driving segment
spacing disks distributed at intervals between the driving
segment base plate and the driving segment fixing disk, and
the two ends of the driving segment structural backbone
respectively pass through the first structural backbone guide
channel, then pass through the driving segment base plate
and the driving segment spacing disks in sequence, and are
respectively fixed onto the driving segment fixing disk.

[0013] In a still further example, the structural backbones
of the distal structural segment and/or the structural back-
bones of the proximal structural segment are elastic elon-
gated rods or elongated tubes made of a nickel titanium alloy
or stainless steel; in the case of using a plurality of distal
structural segments or a plurality of proximal structural
segments, if the structural backbones of a preceding distal
structural segment or proximal structural segment use elastic
elongated tubes, the structural backbones of the next distal
structural segment or proximal structural segment are able to
pass through the elastic elongated tubes or directly pass
through the structural backbone passage holes in the distal
spacing disks or in the proximal spacing disks; and the
number of the structural backbones of each of the distal
structural segments or the proximal structural segments is
three or more.
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[0014] 1In a still further example, an outside of the distal
structural body is coated with a flexible envelope and a rigid
pre-bent sleeve in sequence from the inside to the outside,
the sleeve passes through a sheath fixed to a skin incision,
the sheath provides a channel for instruments required for a
single-port laparoscopic surgery, and the channel is an
oblique channel and does not limit the lateral rotational
motion of the flexible surgical instrument about a particular
fixed point.

[0015] In a still further example, an outside of the distal
structural body is coated with a flexible envelope and a rigid
straight sleeve in sequence from the inside to the outside.
[0016] The sleeve passes through a sheath including only
one channel, and the sheath is fixed to a skin incision.
[0017] In astill further example, the number of the proxi-
mal structural segments is equal to the number of the distal
structural segments.

[0018] According to another aspect of the present inven-
tion, provided is a driving unit for driving a flexible con-
tinuous body structure, the driving unit comprising: a driv-
ing segment fixing disk externally sheathed over and linked
to a proximal fixing disk of a proximal structural body in the
flexible continuous body structure, a driving segment base
plate externally sheathed over and linked to the proximal
base disk of the proximal structural body, a driving segment
connected between the driving segment fixing disk and the
driving segment base plate and externally sheathed over the
proximal structural body, driving segment structural back-
bones with two ends passing through the driving segment
base plate and then being respectively fixed onto the driving
segment fixing disk, and structural backbone driving mecha-
nisms through which a middle section of the driving seg-
ment structural backbone passes, the number of the struc-
tural backbone driving mechanisms equalling to the number
of the driving segment structural backbones. The structural
backbone driving mechanisms implement the turning
motion of the driving segment in any direction by coopera-
tively pushing and pulling the driving segment structural
backbone, thereby implementing the turning motion of the
proximal structural body in the same direction.

[0019] In an example, the driving unit further comprises:
a second fixing end plate externally sheathed over and linked
to a first fixing end plate of a middle connecting body in the
flexible continuous body structure, first structural backbone
guide channels with one end being fixedly connected to the
structural backbone driving mechanism and the other end
being fixedly connected to the driving segment base plate,
two or more feedback structural backbones, a part of each
feedback structural backbone being arranged in the driving
segment, and potentiometers equal in number to the feed-
back structural backbones. The structural backbone driving
mechanisms are fixed onto the second fixing end plate, and
the two ends of the driving segment structural backbone
respectively pass through the first structural backbone guide
channel; and two ends of each of the feedback structural
backbones are respectively fixed onto the driving segment
fixing disk and a slider in the respective potentiometer.
[0020] In a further example, the structural backbone driv-
ing mechanism comprises: two driving support plates and
one first motor fixing plate arranged at intervals in sequence
and integrally connected via a support, a structural backbone
driving motor mounted on the first motor fixing plate, a set
of transmission gears and a set of pulleys rotatably arranged
between the two driving support plates, and a driving gear
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connected to the structural backbone driving motor via a first
coupling. The set of transmission gears and the set of pulleys
respectively constitute several pull-gear assemblies, the pul-
ley and the gear of each of the pulley-gear assemblies are
coaxially and fixedly connected, and the gears mesh with
each other; and the driving segment structural backbone
extends between the pulleys of the pulley-gear assemblies
through the first structural backbone guide channel, the
driving gear meshes with the gear of one of the pulley-gear
assemblies to transmit a driving force, the set of transmis-
sion gears and the set of pulleys rotate together about their
respective axes, thereby pushing and pulling the driving
segment structural backbone by means of frictional forces,
and the first structural backbone guide channel is fixedly
connected to the support column at one end and is fixedly
connected to the driving segment base plate at the other end.

[0021] In a still further example, the driving unit further
comprises a transmission mechanism disposed within the
middle connecting body, the transmission mechanism com-
prising: a guide block and a transmission spacing disk fixed
onto the proximal base disk, a connection block running
through a central hole of the guide block and movable back
and forth in the central hole of the guide block, a actuation
wire guide channel with two ends being respectively fixed
onto the first fixing end plate and the transmission spacing
disk, a actuation wire with one end passing through the
actuation wire guide channel and the central hole of the
transmission spacing disk in sequence and then being fixed
onto the connection block, and the other end passing through
the center of the first fixing end plate to extend into and then
extend along with a distal structural body of the flexible
continuous body structure and finally being fixed onto the
surgical end effector at the distal end of the distal structural
body, and a first magnet fixed onto the connection block.

[0022] In a still further example, the driving unit further
comprises a surgical end effector driving mechanism, the
surgical end effector driving mechanism comprising: a
motor drive assembly, a bevel gear box connected to an
output end of the motor drive assembly, a sliding groove
jacket mounted on the bevel gear box, a linear transmission
assembly located within the sliding groove jacket and con-
nected to an output end of the bevel gear box, two sliding
blocks arranged spaced apart from each other in the sliding
groove jacket and capable of sliding back and forth, one of
the two sliding blocks being connected to a movable end of
the linear transmission assembly, a second magnet mounted
on the other of the two sliding blocks, and a spring with two
end being fixedly connected to the two sliding blocks,
respectively. The motor drive assembly transmits power to
the linear transmission assembly through the bevel gear box
and the linear transmission assembly drives the sliding block
connected thereto to slide back and forth under the guidance
of a lateral groove of the sliding groove jacket; the second
magnet is coupled with the first magnet to transmit a
push-pull motion, thereby implementing the motion control
of the surgical end effector; and the spring causes the linear
transmission assembly to output a stable and controllable
pushing or pulling force to the actuation wire within a
limited sliding travel, preventing the surgical end effector
from generating an excessive snap force.

[0023] Ina still further example, the motor drive assembly
comprises: a connection frame for mounting the bevel gear
box, a second motor fixing plate and a support plate mounted
on the connection frame, a surgical end effector driving
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motor mounted on the second motor fixing plate, and a pair
of transmission gears rotatably arranged on the support
plate. An input gear of the pair of transmission gears is
coaxially connected to an output shaft of the surgical end
effector driving motor via a second coupling, and an output
gear of the pair of transmission gears is coaxially connected
to an input end of the bevel gear box.

[0024] In a still further example, the linear transmission
assembly comprises: a threaded rod located within the
sliding groove jacket and coaxially connected to the output
end of the bevel gear box, and a nut in threaded fit with the
threaded rod. The nut is the movable end of the linear
transmission assembly, which is securely connected to one
of the two sliding blocks via an anti-rotation slider.

[0025] By using a flexible continuous body structure com-
prising a proximal structural body, a middle connecting body
and a distal structural body as the main body, and in
combination with a driving unit which comprises a driving
segment linked to the proximal structural body, and can
cause the driving segment together with the proximal struc-
tural body to turn in any direction, the flexible surgical
instrument provided in the embodiments of the present
invention can implement the turning motion of the distal
structural body in any direction, and in turn can implement
the motion control of the surgical end effector located at the
distal end of the distal structural body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] FIG.1isan overall structural schematic diagram of
a flexible surgical instrument in accordance with an example
of the present invention.

[0027] FIG. 2 is a structural schematic diagram of a
flexible body structure passing through a multi-hole sheath
in accordance with an example of the present invention.
[0028] FIG. 3A is a partial sectional view of a distal
structural body including a bellows in accordance with an
example of the present invention.

[0029] FIG. 3B is a structural schematic diagram of the
bellows shown in FIG. 3A.

[0030] FIG. 4 is a structural schematic diagram of a distal
structural body using a plurality of spacing disks distributed
at intervals in accordance with an embodiment of the present
invention.

[0031] FIG. 5 is a structural schematic diagram of a
proximal structural body in accordance with an example of
the present invention.

[0032] FIG. 6 is a structural schematic diagram of a
middle connecting body and a transmission mechanism in
accordance with an example of the present invention.
[0033] FIG. 7 is a structural schematic diagram of a
driving unit in accordance with an example of the present
invention.

[0034] FIG. 8A is a structural schematic diagram of a
structural backbone driving mechanism in a driving unit
according to an example of the present invention.

[0035] FIG. 8B is a partial schematic diagram of the
structural backbone driving mechanism shown in FIG. 8A.
[0036] FIG. 9 is a structural schematic diagram of a
surgical end effector driving mechanism in a driving unit
according to an example of the present invention.

[0037] FIG. 10 is a schematic diagram of the implemen-
tation of a flexible surgical instrument connected to a
multi-degree-of-freedom robotic arm in accordance with an
example of the present invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0038] The technical solutions of the embodiments of the
present application will be clearly and completely described
below in conjunction with the accompanying drawings of
the embodiments of the present application; and obviously,
the embodiments described are merely some of, rather than
all, the embodiments of the present application. On the basis
of the embodiments of the present application, all the other
embodiments obtained by those skilled in the art without any
inventive effort shall fall within the scope of protection of
the present application.

[0039] FIG. 1 illustrates a flexible surgical instrument 100
provided according to an embodiment of the present inven-
tion, which flexible surgical instrument may comprise a
flexible continuous body structure 10, a surgical effectuation
unit 20 and a driving unit 30. Hereinafter, for a component,
the distal end refers to the end of the component that is
remote from a surgical operator but close to a surgical site,
and may also be referred to as the front end; and the
proximal end refers to the end of the component that is close
to the operator but away from the surgical site, and may also
be referred to as the rear end.

[0040] The flexible continuous body structure 10 may
comprise a distal structural body 11, a middle connecting
body 12 and a proximal structural body 13 linked in
sequence. The driving unit 30 is linked to the proximal
structural body 13. A surgical end effector 201 in the surgical
effectuation unit 20 is linked to the front end of the distal
structural body 11. When a structural backbone driving
mechanism 310 in the driving unit 30 drives the proximal
structural body 13 to turn in any direction, the distal struc-
tural body 11 can correspondingly turn in the opposite
direction. A surgical end effector driving mechanism 311 in
the driving unit 30 can drive the surgical end effector 201 at
the front end of the distal structural body 11 to implement
the action control of the surgical end effector 201.

[0041] As shown in FIG. 2, the distal structural body 11 is
an elongated flexible structure with one end being linked to
the proximal structural body 13 via the middle connecting
body 12 and the other end being linked to the surgical end
effector 201. The distal structural body 11 may be of a
structure including a bellows 112, or a structure including a
plurality of spacing disks distributed at intervals. The two
forms of structures of the distal structural body 11 will be
respectively described below.

[0042] As shown in FIGS. 3A and 3B, the distal structural
body 11 including the bellows 112 is composed of at least
one distal structural segment 1. Each of the distal structural
segments | comprises a distal fixing disk 111, several bel-
lows sections 112 (two in the present embodiment, but the
invention is not limited thereto), a bellows connection plate
113, and a plurality of distal structural backbones 114
(eighteen in this embodiment, but the invention is not
limited thereto). The distal structural backbones 114 pass
through structural backbone passage holes distributed in the
bellows 112, and the front ends thereof are fixed onto the
distal fixing disk 111. The distal end of the bellows section
112 at the most distal end is securely connected to the distal
fixing disk 111; the proximal end of the bellows section 112
at the most proximal end is connected to the distal end of a
second structural backbone guide channel in the middle
connecting body 12, the connection may be at anywhere on
an axis of an outer sleeve 50; and the remaining ends of the
bellows sections 112 are all securely connected to the
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bellows connection plate 113. The bellows 112 can be bent
in any direction, and the structural backbone passage holes
1121 therein can be used to prevent the distal structural
backbone 114 from being destabilized when being pushed
and pulled.

[0043] As shown in FIG. 4, the distal structural body 11
including a plurality of distal spacing disks 115 distributed
at intervals is also composed of at least one distal structural
segment 1. Bach of the distal structural segments I comprises
several distal spacing disks 115, a distal fixing disk 116 and
a plurality of distal structural backbones 117. The number of
distal spacing disks 115 are distributed at intervals between
the distal fixing disk 116 and the middle connecting body 12.
The plurality of distal structural backbones 117 pass through
structural backbone passage holes distributed in the number
of distal spacing disks 115, and have the front ends thereof
fixed onto the distal fixing disk 116. The distal spacing disks
115 function to prevent the distal structural backbones 117
from being destabilized when being pushed and pulled.

[0044] As shown in FIGS. 1, 5 and 7, the proximal
structural body 13 and a driving segment 301 in the driving
unit 30 are of ring-shaped structures nested inside each
other, the proximal structural body 13 is composed of at least
one proximal structural segment II, and the number of the
proximal structural segments II may be consistent with the
number of the distal structural segments 1. Each of the
proximal structural segments II may comprise a proximal
fixing disk 131, several proximal spacing disks 132, proxi-
mal structural backbones 133 and a proximal base disk 134,
and the number of the proximal structural backbones 133
may be consistent with the number of the distal structural
backbones 114 or 117. The number of proximal spacing
disks 132 are distributed at intervals between the proximal
fixing disk 131 and the proximal base disk 134, and function
to prevent the proximal structural backbones 133 from being
destabilized when being pushed and pulled. The proximal
structural backbones 133 in the proximal structural segment
1 may be securely connected, in one-to-one correspondence,
to or are the same as the distal structural backbones 114 or
117 in the distal structural segment I. In this way, one end of
each of the plurality of structural backbones 133, 114 or 117
is fixed onto the proximal fixing disk 131, and the other end
thereof passes through the respective one of the structural
backbone passage holes distributed in the proximal spacing
disk 132, is guided by the middle connecting body 12 to
extend into the distal structural body 11, passes through the
respective one of the structural backbone passage holes
distributed in the distal spacing disk 115 or the bellows 112,
and is then fixed onto the distal fixing disk 116. By driving
the proximal fixing disk 131 to turn in any direction, it is
possible to drive the distal structural body 11 to turn in the
opposite direction in a certain proportional relationship. The
proportional relationship may be determined jointly by the
distribution radii of the proximal structural backbones 133
and the distal structural backbones 114, 117.

[0045] In one embodiment, the distal structural backbones
114, 117 and the proximal structural backbones 133 may be
elastic elongated rods or elongated tubes, and may be made
of amaterial such as a nickel titanium alloy or stainless steel.
In the case of using the plurality of distal structural segments
1 or the plurality of proximal structural segments 11, if the
structural backbones of a preceding distal structural segment
1 or proximal structural segment II use elastic elongated
tubes, the structural backbones of the next distal structural
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segment I or proximal structural segment II can pass through
the elastic elongated tubes or directly pass through the
structural backbone passage holes in the distal spacing disks
115, the bellows 112 or the proximal spacing disks 132. In
this way, further miniaturization can be achieved without
changing the relative motion relationship of the various
structural segments in the proximal structural body 13. For
each of the distal structural segments I or the proximal
structural segments 11, the number of the structural back-
bones therein may be three or more. The redundant arrange-
ment of the structural backbones (the number thereof being
greater than three) in the proximal structural body, the
middle connecting body and the distal structural body can
effectively improve the safety, reliability and load capacity
of the instrument.

[0046] As shown in FIG. 6, the middle connecting body 12
may comprise a first fixing end plate 121 and second
structural backbone guide channels 122. The second struc-
tural backbone guide channels 122 are bundled and fixed
onto the first fixing end plate 121 at one end, and are fixed
onto the proximal base disk 134 of the proximal structural
body 13 at the other end, for guiding the structural back-
bones to maintain the shape of the structural backbones
under a pushing or pulling force. Therefore, the number of
the second structural backbone guide channels 122 should
be equal to the number of the structural backbones. The
second structural backbone guide channels 122 may be of a
sleeve structure as shown in FIG. 6, or any other structural
form, such as a multi-cavity structure, that can prevent the
deformation of the structural backbones under a pushing or
pulling force,

[0047] As shown in FIGS. 1, 4 and 6, the surgical effec-
tuation unit 20 may comprise a surgical end effector 201
linked to the front end of the distal structural body 11 and a
transmission mechanism 202 disposed within the middle
connecting body 12. The transmission mechanism 202 may
comprise several transmission spacing disks 203 (illustrated
as two, but the present invention is not limited thereto), a
guide block 204, a connection block 205, a first magnet 206,
a actuation wire 207, and a actuation wire guide channel
208. The transmission spacing disks 203 and the guide block
204 may be fixed onto the proximal base disk 134 of the
proximal structural body 13 via support columns 219. The
connection block 205 can run through a central hole of the
guide block 204 and can move back and forth in the central
hole of the guide block 204. Two ends of the actuation wire
guide channel 208 are respectively fixed onto the first fixing
end plate 121 and the transmission spacing disks 203. One
end of the actuation wire 207 passes through the actuation
wire guide channel 208, then passes through central holes of
the transmission spacing disks 203, and is fixed onto the
connection block 205. The transmission spacing disks 203
fanction to prevent the actuation wire 207 from being
destabilized when being pushed and pulled. The other end of
the actuation wire 207 passes through the center of the first
fixing end plate 121 of the middle connecting body 12,
extends into and then extends along with the distal structural
body 11, and is finally fixed onto the surgical end effector
201. The first magnet 206 is fixed onto the connection block
205, which can push and pull the actuation wire 207 by
pushing and pulling the connection block 205, thereby
implementing the action control of the mechanical surgical
end effector 201 (such as surgical forceps). It should be
understood by those skilled in the art that the actuation wire
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207 can also transmit energy, such as electric energy and
ultrasonic vibration, to an electrosurgical surgical end effec-
tor 201 (such as an electric knife and an ultrasonic knife) so
as to perform an electrosurgical operation.

[0048] Inoneembodiment, as shown in FIG. 3A, when the
distal structural body 11 including the bellows 112 is used,
a plurality of actuation wire spacing disks 209 may be
distributed at intervals in each of the bellows sections 112.
In this way, the actuation wire 207 can pass through the
center of each of the actuation wire spacing disks 209 in
sequence, and the actuation wire spacing disks 209 function
to prevent the actuation wire 207 from being destabilized
when being pushed and pulled. When the distal structural
body 11 including the plurality of distal spacing disks 115
distributed at intervals is used, the actuation wire 207 passes
through the center of each of the distal spacing disks 115 in
sequence, and the distal spacing disks 115 can also prevent
the actuation wire 207 from being destabilized when being
pushed and pulled.

[0049] As shown in FIGS. 1, 7 and 9, the driving unit 30
may include a driving segment 301, a driving segment fixing
disk 302, driving segment spacing disks 303, a driving
segment base plate 304, a driving segment structural back-
bone 305, a first structural backbone guide channel 306, a
feedback structural backbone 307, a potentiometer 308, a
second fixing end plate 309, a structural backbone driving
mechanism 310, and a surgical end effector driving mecha-
nism 311.

[0050] The driving segment 301 may be of a thick and
short ring structure from the driving segment fixing disk 302
to the driving segment base plate 304, and the number and
length of the structural segment of the driving segment 301
can be consistent with the proximal structural segment II in
the proximal structural body 13. The driving segment 301 is
sheathed outside the proximal structural body 13, and the
driving segment fixing disk 302 is externally sheathed over
the proximal fixing disk 131 and can be quickly and securely
connected thereto.

[0051] The driving segment base plate 304 is externally
sheathed over the proximal base disk 134 and can be quickly
and securely connected thereto.

[0052] The structural backbone driving mechanism 310
and the potentiometer 308 may be fixed onto the second
fixing end plate 309. The structural backbone driving
mechanism 310 is fixed outside the middle connecting body
12. The second fixing end plate 309 is externally sheathed
over the first fixing end plate 121 and can be quickly and
securely connected thereto. The number of the structural
backbone driving mechanisms 310 can be consistent with
the number of the driving segment structural backbones 305,
and the number of the potentiometers 308 can be consistent
with the number of the feedback structural backbones 307.
One end of the first structural backbone guide channel 306
is fixedly connected to the structural backbone driving
mechanism 310, and the other end thereof is fixedly con-
nected to the driving segment base plate 304. The driving
segment spacing disks 303 are distributed at intervals
between the driving segment base plate 304 and the driving
segment fixing disk 302. The middle section of the driving
segment structural backbone 305 passes through the struc-
tural backbone driving mechanism 310, and two ends
thereof respectively pass through the first structural back-
bone guide channel 306 and then pass through the driving
segment base plate 304 and the driving segment spacing disk
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303 in sequence, and are respectively fixed onto the driving
segment fixing disk 302. The number of the driving segment
structural backbones 305 in each of the driving segments
301 may be two or more (two in the present embodiment,
and the present invention is not limited thereto). The driving
segment spacing disks 303 function to prevent the driving
segment structural backbone 305 from being destabilized
when being pushed and pulled. The structural backbone
driving mechanisms 310 implement the turning motion of
the driving segment 301 in any direction by cooperatively
pushing and pulling the driving segment structural back-
bones 305, thereby implementing the turning motion of the
proximal structural body 13 in the same direction, and
finally implementing the turning motion of the distal struc-
tural body 11 in the opposite direction.

[0053] A part of the feedback structural backbone 307 is
arranged in the driving segment 301, and the number of the
feedback structural backbones in each of the driving seg-
ments 301 may be two or more (two in the present embodi-
ment, and the present invention is not limited thereto), and
the number of the feedback structural backbones 307 must
be consistent with that of the potentiometers 308. Two ends
of the feedback structural backbone 307 are respectively
fixed onto the driving segment fixing disk 302 and a slider
in the potentiometer 308, and the turning motion of the
driving segment 301 causes the change in length of the part
of the feedback structural backbone 307 that is located in the
driving segment 301. This change in length will cause the
feedback structural backbone 307 to push and pull the slider
in the potentiometer 308, such that the change in length is
recorded by the potentiometer 308. Since the length of the
driving segment 301 can remain unchanged, the length
combination of the part of the feedback structural backbone
307 that is located in the driving segment 301 will uniquely
determine the direction of a turning plane of the driving
segment and a turning angle of same in the turning plane.
Therefore, the absolute turned shape of the current driving
segment 301 can be obtained by the potentiometer 308 and
the feedback structural backbone 307, to achieve further
closed-loop control of the driving segment. The potentiom-
eter 308 is linked to the driving segment 301, can provide
real-time feedback of the posture of the driving segment
301, and can assist the driving segment 301 to return to the
initial posture in the event of a surgical system failure.

[0054] As shown in FIGS. 8A and 8B, the structural
backbone driving mechanism 310 may comprise a structural
backbone driving motor 3101, a first coupling 3102, a
driving gear 3103, a set of transmission gears 3104, a set of
pulleys 3105, driving support plates 3106, a first motor
fixing plate 3107 and a support column 3108. Two driving
support plates 3106 and the first motor fixing plate 3107 are
arranged at intervals in sequence and are integrally con-
nected via the support column 3108. The set of transmission
gears 3104 and the set of pulleys 3105 are rotatably arranged
between the two driving support plates 3106 and constitute
several pulley-gear assemblies, respectively. The pulley and
the gear of each of the pulley-gear assemblies are fixedly
connected, and the gears mesh with each other. The driving
gear 3103 is also rotatably arranged between the two driving
support plates 3106 and connected to the structural back-
bone driving motor 3101 via the first coupling 3102. The
driving gear 3103 meshes with the gear of one of the
pulley-gear assemblies to transmit a driving force. The set of
transmission gears 3104 and the set of pulleys 3105 rotate
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together about their respective axes, thereby pushing and
pulling the driving segment structural backbone 305 by
means of frictional forces. One end of the first structural
backbone guide channel 306 is fixedly connected to the
support column 3108. The driving segment structural back-
bone 305 extends between the pulleys of the pulley-gear
assemblies through the first structural backbone guide chan-
nel 306 and generates local deformation under the extrusion
of the pulleys, thereby generating relatively large frictional
forces on contact faces with the pulleys.

[0055] It should be noted that the number, size and posi-
tional distribution of the pulley-gear assemblies can be
adjusted according to the driving force required for the
motion of the driving segment structural backbone 305 to
ensure that the driving segment structural backbone 305
does not slip relative to the set of pulleys 3105 during the
motion. In addition, since the driving unit comprises the set
of pulleys and the driving segment structural backbone
closely attached to surfaces of the set of pulleys and the
driving segment structural backbone can generate local
deformation in the set of pulleys, by driving the set of
pulleys to rotate, the pushing and pulling of the driving
segment structural backbone can be realized with an
extremely compact structure.

[0056] As shown in FIGS. 1 and 9, the surgical end
effector driving mechanism 311 may comprise a connection
frame 3111, a surgical end effector driving motor 3112, a
second motor fixing plate 3113, a second coupling 3114, a
support plate 3115, a pair of transmission gears 3116, a bevel
gear box 3117, a threaded rod 3118, a nut 3119, a sliding
block 3120, a spring 3121, an anti-rotation slider 3122, a
sliding groove jacket 3123 and a second magnet 3124.
[0057] The second motor fixing plate 3113, the support
plate 3115 and the bevel gear box 3117 are all fixed onto the
connection frame 3111 for fixing the surgical end effector
driving motor 3112 and supporting shafts of an input gear
and an output gear of the pair of transmission gears 3116.
The input gear of the pair of transmission gears 3116 is
coaxially fixed to the second coupling 3114, and the output
gear of the pair of transmission gears 3116 is coaxially fixed
to an input end of the bevel gear box 3117. The surgical end
effector driving motor 3112 implements the rotation of the
threaded rod 3118 by means of the second coupling 3114,
the pair of transmission gears 3116 and the bevel gear box
3117. The sliding groove jacket 3123 is fixed onto the bevel
gear box 3117.

[0058] The threaded rod 3118 is located within the sliding
groove jacket 3123 and is coaxially fixed to an output end of
the bevel gear box 3117. The nut 3119 is in threaded fit with
the threaded rod 3118. There may be two sliding blocks
3120, which are arranged spaced apart from each other, and
can slide back and forth within the sliding groove jacket
3123. The nut 3119 is fixedly coupled to one of the sliding
blocks 3120 via the anti-rotation slider 3122. Under the
action of the anti-rotation slider 3122, the threaded rod 3118
rotationally drives the nut 3119 and the sliding block 3120
to slide back and forth under the guidance of a lateral groove
of the sliding groove jacket 3123. The second magnet 3124
is fixed to the front end of the other sliding block 3120, and
can be coupled with the first magnet 206 in the transmission
mechanism 202 to transmit a push-pull motion, thereby
implementing the motion control of the surgical end effector
201. Two ends of the spring 3121 as an elastic element are
fixedly connected to the two sliding blocks 3120 respec-
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tively, so that the nut 3119 can output a stable and control-
lable pushing or pulling force to the actuation wire 207
within a limited sliding travel, whereby the application of
excessive pushing or pulling force to the actuation wire can
be avoided and the generation of an excessive snap force by
the surgical end effector 201 (such as surgical forceps) is
prevented.

[0059] It can be seen, based on the above description, that
the connection frame 3111, the second motor fixing plate
3113, the support plate 3115, the surgical end effector
driving motor 3112 and the pair of transmission gears 3116
can together constitute a motor drive assembly. The output
gear of the pair of transmission gears 3116 can be used as the
output end of the motor drive assembly, which is coaxially
fixed to the input end of the bevel gear box 3117. The
threaded rod 3118, the nut 3119 and the anti-rotation slider
3122 can together constitute a linear transmission assembly.
The nut 3119 is the movable end of the linear transmission
assembly, which is securely connected to one of the sliding
blocks 3120 via the anti-rotation slider 3122. In this way, the
motor drive assembly can transmit power to the linear
transmission assembly through the bevel gear box 3117 so
that the linear transmission assembly can drive the sliding
block connected thereto to slide back and forth under the
guidance of the lateral groove of the sliding groove jacket.
Consequently, the surgical end effector driving mechanism
311 in the driving unit 30 can drive the surgical end effector
201 at the front end of the distal structural body 11 to
implement the action control of the surgical end effector
201.

[0060] Inaddition, the driving segment 301 can be quickly
connected to the proximal structural body 13, and the
transmission mechanism 202 can also be quickly connected
to the surgical end effector driving mechanism 311. As an
example, the quick connection function can be implemented
using magnets. With this quick connection function, the
flexible continuous body structure and the transmission
mechanism can be quickly removed or replaced from the
flexible surgical instrument.

[0061] FIG. 10 illustrates a schematic diagram of the
implementation of a flexible surgical instrument 100 pro-
vided by the present invention being connected to a multi-
degree-of-freedom robotic arm 400, the flexible surgical
instrument 100 being fixedly mounted on an end disk of the
multi-degree-of-freedom robotic arm 400 via the connection
frame 3111. The multi-degree-of-freedom robotic arm 400
comprises six rotary joints 401-406, wherein the first five
rotary joints 401-405 can implement the overall lateral
rotation and the overall feed freedom of the flexible surgical
instrument 100 with an abdomen entrance point as the fixed
point, and the rotary joint 406 can implement the overall
rotation freedom of the flexible surgical instrument 100
about its own axis. Consequently, the multi-degree-of-free-
dom robotic arm 400 enables a wide range of motions of the
flexible surgical instrument 100, and the flexible surgical
instrument 100 can realize a small range of precise and
flexible motion of the distal structural body 11 in the body
of the patient and the driving of the surgical end effector 201.
[0062] In one embodiment, as shown in FIG. 1, the distal
structural body 11 is externally covered by a flexible enve-
lope 40, and the envelope 40 can improve the appearance
and insertion smoothness of the distal structural body 11.
[0063] In one embodiment, as shown in FIG. 2, the distal
structural body 11 is further externally covered by a rigid
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outer sleeve 50, and the outer sleeve 50 illustrated in this
embodiment is a rigid pre-bent sleeve. The outer sleeve 50
passes through a sheath 60 fixed to a skin incision, and the
sheath 60 provides a channel for instruments (typically three
surgical tools and one imaging illumination tool) required
for the single-port laparoscopic surgery, wherein the channel
may be an oblique channel and does not limit the lateral
rotation motion of the surgical tool about a particular fixed
point (the intersection point between an axis of the channel
in the sheath 60 and the skin incision), so that the flexible
surgical instrument 100 can perform the single-port laparo-
scopic surgety.

[0064] In another embodiment, as shown in FIG. 4, when
the outer sleeve 50 illustrated in this embodiment is a rigid
straight sleeve, it can pass through a sheath 60 containing
only one channel, and the sheath 60 is also fixed to the skin
incision. Multiple flexible surgical instruments 100 with
multiple sheaths 60 can be used for performing multi-port
laparoscopic surgery. It should be noted that the flexible
surgical instrument 100 can adjust with the multi-degree-
of-freedom robotic arm 400 the direction of the outer sleeve
50 and the distal structural body 11 therein and the distance
by which same extend out of the sheath 60, further improv-
ing the motion performance of the distal structural body 11.
[0065] It should be understood by those skilled in the art
that the single-channel sheath for the multi-port laparoscopic
surgery shown in FIG. 4 and the multi-channel sheath for the
single-port laparoscopic surgery shown in FIG. 2 are two
parallel embodiments, and the two structural forms of the
distal structural body 11 provided by the present invention
can both be applied to the above two embodiments.

[0066] It should be noted that relational terms herein, such
as first and second and the like, are used solely to distinguish
one from another entity or action without necessarily requir-
ing or implying any actual such relationship or order
between such entities or actions. The terms “comprise,”
“include” or any variation thereof are intended to cover a
non-exclusive inclusion, so that a process, method, article or
apparatus that comprises a series of elements not only
comprises those elements but may also comprise other
elements not expressly listed or inherent to such a process,
method, article, or apparatus. In the absence of more restric-
tions, the element defined by the phrase “comprising a . . .
” do not preclude the presence of a further identical element
in the process, method, article or apparatus that comprising
the element.

[0067] The method and device provided in the embodi-
ments of the present invention have been described in detail,
the principle and implementation of the present invention
have been illustrated with reference to the specific examples,
and the above description of the embodiments is merely for
the purpose of assisting in understanding the method of the
present invention and its core concept. For a person skilled
in the art, various changes could be made in the particular
embodiments and the scope of application in accordance
with the concept of the present invention. In summary, the
contents of the description should not be construed as
limiting the present application.

1. A flexible surgical instrument, which comprises a
flexible continuous body structure composed of a distal
structural body, a middle connecting body and a proximal
structural body linked in sequence, a proximal end of the
distal structural body being linked to the proximal structural
body via the middle connecting body, and a distal end

Aug. 1,2019

thereof being linked to a surgical end effector; the distal
structural body consisting of at least one distal structural
segment each comprising a distal fixing disk and structural
backbones; and the proximal structural body comprising at
least one proximal structural segment each comprising a
proximal fixing disk, a proximal base disk, and structural
backbones, wherein the flexible surgical instrument further
comprises a driving unit linked to the flexible continuous
body structure, the driving unit comprising: a driving seg-
ment fixing disk externally sheathed over and linked to the
proximal fixing disk, a driving segment base plate externally
sheathed over and linked to the proximal base disk, a driving
segment connected between the driving segment fixing disk
and the driving segment base plate and externally sheathed
over the proximal structural body, structural backbone driv-
ing mechanisms fixed to an outside of the middle connecting
body, and driving segment structural backbones with a
middle section passing through the structural backbone
driving mechanism and two ends passing through the driv-
ing segment base plate and then being respectively fixed
onto the driving segment fixing disk, a number of the
structural backbone driving mechanisms equalling to a num-
ber of the driving segment structural backbones; wherein the
structural backbone driving mechanisms implement a turn-
ing motion of the driving segment in any direction by
cooperatively pushing and pulling the driving segment struc-
tural backbone, thereby implementing the turning motion of
the proximal structural body in the same direction and the
turning motion of the distal structural body in the opposite
direction.

2. The flexible surgical instrument of claim 1, wherein the
driving unit further comprises: a second fixing end plate
externally sheathed over and linked to a first fixing end plate
of the middle connecting body, first structural backbone
guide channels with one end being fixedly connected to the
structural backbone driving mechanism and an other end
being fixedly connected to the driving segment base plate,
two or more feedback structural backbones, a part of each
feedback structural backbone being arranged in the driving
segment, and potentiometers equal in number to the feed-
back structural backbones; wherein the structural backbone
driving mechanisms are fixed onto the second fixing end
plate, and the two ends of the driving segment structural
backbone respectively pass through the first structural back-
bone guide channel; and two ends of each of the feedback
structural backbones are respectively fixed onto the driving
segment fixing disk and a slider in the respective potenti-
ometer, the turning motion of the driving segment causes the
change in length of the part of the feedback structural
backbone that is located in the driving segment, the change
in length causes the feedback structural backbone to push
and pull the slider in the potentiometer such that the change
in length is recorded by the potentiometer and the absolute
turned shape of the driving segment is further obtained.

3. The flexible surgical instrument of claim 1, wherein the
structural backbone driving mechanism comprises: two
driving support plates and one first motor fixing plate
arranged at intervals in sequence and integrally connected
via a support column, a structural backbone driving motor
mounted on the first motor fixing plate, a set of transmission
gears and a set of pulleys rotatably arranged between the two
driving support plates, and a driving gear connected to the
structural backbone driving motor via a first coupling;
wherein the set of transmission gears and the set of pulleys
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respectively constitute several pull-gear assemblies, the pul-
ley and the gear of each of the pulley-gear assemblies are
coaxially and fixedly connected, and the gears mesh with
each other; and the driving segment structural backbone
extends between the pulleys of the pulley-gear assemblies
through the first structural backbone guide channel, the
driving gear meshes with the gear of one of the pulley-gear
assemblies to transmit a driving force, the set of transmis-
sion gears and the set of pulleys rotate together about their
respective axes, thereby pushing and pulling the driving
segment structural backbone by means of frictional forces,
and the first structural backbone guide channel is fixedly
connected to the support column at one end and is fixedly
connected to the driving segment base plate at an other end.

4. The flexible surgical instrument of claim 1, wherein the
middle connecting body comprises a first fixing end plate
and second structural backbone guide channels, the second
structural backbone guide channels being fixed onto the first
fixing end plate at one end and being fixed onto the proximal
base disk at the other end; and the structural backbones on
the at least one distal structural segment are securely con-
nected, in one-to-one correspondence, to or are the same as
the structural backbones on the proximal structural segment,
and one end of the structural backbone is securely connected
to the proximal fixing disk, and the other end thereof passes
through the second structural backbone guide channel and is
then securely connected to the distal fixing disk.

5. The flexible surgical instrument of claim 4, wherein the
driving unit further comprises a transmission mechanism
disposed within the middle connecting body, the transmis-
sion mechanism comprising: a guide block and a transmis-
sion spacing disk fixed onto the proximal base disk via the
support column, a connection block running through a
central hole of the guide block and being movable back and
forth in the central hole of the guide block, a actuation wire
guide channel with two ends being respectively fixed onto
the first fixing end plate and the transmission spacing disk,
an actuation wire with one end passing through the actuation
wire guide channel and the central hole of the transmission
spacing disk in sequence and then being fixed onto the
connection block, and an other end passing through the
center of the first fixing end plate to extend into and then
extend along with the distal structural body and finally being
fixed onto the surgical end effector, and a first magnet fixed
onto the connection block.

6. The flexible surgical instrument of claim 5, wherein the
driving unit further comprises a surgical end effector driving
mechanism, the surgical end effector driving mechanism
comprising: a connection frame configured to be linked to a
multi-degree-of-freedom robotic arm, a second motor fixing
plate, a support plate and a bevel gear box mounted on the
connection frame, a surgical end effector driving motor
mounted on the second motor fixing plate, a pair of trans-
mission gears rotatably arranged on the support plate, a
sliding groove jacket mounted on the bevel gear box, a
threaded rod located within the sliding groove jacket and
coaxially fixed to an output end of the bevel gear box, a nut
in threaded fit with the threaded rod, two sliding blocks
arranged spaced apart from each other in the sliding groove
jacket and capable of sliding back and forth, an anti-rotation
slider securely connected to one of the two sliding blocks, a
second magnet mounted on a front end of an other one of the
two sliding blocks, and a spring with two ends being fixedly
connected to the two sliding blocks, respectively; wherein
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the surgical end effector driving motor drives the threaded
rod to rotate by means of a second coupling, the pair of
transmission gears and the bevel gear box, and an input gear
of the pair of transmission gears is coaxially fixed to the
second coupling and an output gear thereof is coaxially fixed
to an input end of the bevel gear box; under the action of the
anti-rotation slider, the threaded rod rotationally drives the
nut and the sliding block to slide back and forth under the
guidance of a lateral groove of the sliding groove jacket; the
second magnet is coupled with the first magnet to transmit
a push-pull motion, thereby implementing the motion con-
trol of the surgical end effector; and the spring causes the nut
to output a stable and controllable pushing or pulling force
to the actuation wire within a limited sliding travel, prevent-
ing the surgical end effector from generating an excessive
snap force.

7. The flexible surgical instrument of claim 6, wherein the
flexible surgical instrument is able to be mounted on an end
disk of the multi-degree-of-freedom robotic arm via the
connection frame, and the multi-degree-of-freedom robotic
arm comprises four or more joints, the joints being able to
implement an overall lateral deflection and an overall feed
freedom of the flexible surgical instrument with a surgical
site incision point as the fixed point, and able to implement
an overall rotation freedom of the flexible surgical instru-
ment about its own axis.

8. The flexible surgical instrument of any one of claim 1,
wherein the at least one distal structural segment further
comprises a bellows and a bellows connection plate, the
structural backbones of the at least one distal structural
segment pass through structural backbone passage holes
distributed in several sections of the bellows, and have front
ends thereof fixed onto the distal fixing disk; the distal end
of the bellows section at the most distal end is securely
connected to the distal fixing disk, the proximal end of the
bellows section at the most proximal end is connected to a
front end of the structural backbone guide channels in the
middle connecting body, and the remaining ends of the
bellows sections are all securely connected to the bellows
connection plate; and a plurality of actuation wire spacing
disks are further distributed at intervals in each of the
bellows sections, and the actuation wire of the surgical end
effector passes through the center of each of the actuation
wire spacing disks in sequence.

9. The flexible surgical instrument of any one of claim 1,
wherein the at least one distal structural segment further
comprises a plurality of distal spacing disks distributed at
intervals between the distal fixing disk and the middle
connecting body, and the structural backbones of the at least
one distal structural segment pass through structural back-
bone passage holes distributed in each of the distal spacing
disks, and have the front ends thereof fixed onto the distal
fixing disk; the actuation wire of the surgical end effector
passes through the center of each of the distal spacing disks
in sequence; the proximal structural segment further com-
prises a plurality of proximal spacing disks distributed at
intervals between the proximal fixing disk and the proximal
base disk, and the structural backbones of the proximal
structural segment have one end thereof fixed onto the
proximal fixing disk and the other end thereof pass through
structural backbone passage holes distributed in the proxi-
mal spacing disks in sequence, and are then securely con-
nected, in one-to-one correspondence, to or are the same as
the structural backbones of the at least one distal structural
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segment; and the driving unit further comprises a plurality of
driving segment spacing disks distributed at intervals
between the driving segment base plate and the driving
segment fixing disk, and the two ends of the driving segment
structural backbone respectively pass through the first struc-
tural backbone guide channel, then pass through the driving
segment base plate and the driving segment spacing disks in
sequence, and are respectively fixed onto the driving seg-
ment fixing disk.

10. The flexible surgical instrument of claim 9, wherein
the structural backbones of the at least one distal structural
segment and/or the structural backbones of the proximal
structural segment are elastic elongated rods or elongated
tubes made of a nickel titanium alloy or stainless steel; in the
case of using a plurality of the at least one distal structural
segment or a plurality of proximal structural segments, if the
structural backbones of a preceding distal structural segment
or proximal structural segment use elastic elongated tubes,
the structural backbones of a next distal structural segment
or proximal structural segment are able to pass through the
elastic elongated tubes or directly pass through the structural
backbone passage holes in the distal spacing disks or in the
proximal spacing disks; and the number of the structural
backbones of each of the plurality of the at least one distal
structural segment or the proximal structural segments is
three or more.

11. The flexible surgical instrument of claim 1, wherein an
outside of the distal structural body is coated with a flexible
envelope and a rigid pre-bent sleeve in sequence from the
inside to the outside, the sleeve passes through a sheath fixed
to a skin incision, the sheath provides a channel for instru-
ments required for a single-port laparoscopic surgery, and
the channel is an oblique channel and does not limit the
lateral rotational motion of the flexible surgical instrument
about a particular fixed point.

12. The flexible surgical instrument of claim 1, wherein an
outside of the distal structural body is coated with a flexible
envelope and a rigid straight sleeve in sequence from the
inside to the outside, the sleeve passes through a sheath
including only one channel, and the sheath is fixed to a skin
incision.

13. The flexible surgical instrument of claim 1, wherein a
number of the proximal structural segments is equal to a
number of the at least one distal structural segments.

14. A driving unit for driving a flexible continuous body
structure, comprising: a driving segment fixing disk exter-
nally sheathed over and linked to a proximal fixing disk of
a proximal structural body in the flexible continuous body
structure, a driving segment base plate externally sheathed
over and linked to the proximal base disk of the proximal
structural body, a driving segment connected between the
driving segment fixing disk and the driving segment base
plate and externally sheathed over the proximal structural
body, driving segment structural backbones with two ends
passing through the driving segment base plate and then
being respectively fixed onto the driving segment fixing
disk, and structural backbone driving mechanisms through
which a middle section of the driving segment structural
backbone passes, a number of the structural backbone driv-
ing mechanisms equalling to a number of the driving seg-
ment structural backbones; wherein the structural backbone
driving mechanisms implement a turning motion of the
driving segment in any direction by cooperatively pushing
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and pulling the driving segment structural backbone, thereby
implementing the turning motion of the proximal structural
body in the same direction.

15. The driving unit of claim 14, further comprising: a
second fixing end plate externally sheathed over and linked
to a first fixing end plate of a middle connecting body in the
flexible continuous body structure, first structural backbone
guide channels with one end being fixedly connected to the
structural backbone driving mechanism and an other end
being fixedly connected to the driving segment base plate;
two or more feedback structural backbones, a part of each
feedback structural backbone being arranged in the driving
segment, and potentiometers equal in number to the feed-
back structural backbones; wherein the structural backbone
driving mechanisms are fixed onto the second fixing end
plate, and two ends of the driving segment structural back-
bone respectively pass through the first structural backbone
guide channel; and two ends of each of the feedback
structural backbones are respectively fixed onto the driving
segment fixing disk and a slider in the respective potenti-
ometer.

16. The driving unit of claim 14, wherein the structural
backbone driving mechanism comprises: two driving sup-
port plates and one first motor fixing plate arranged at
intervals in sequence and integrally connected via a support
column, a structural backbone driving motor mounted on the
first motor fixing plate, a set of transmission gears and a set
of pulleys rotatably arranged between the two driving sup-
port plates, and a driving gear connected to the structural
backbone driving motor via a first coupling; wherein the set
of transmission gears and the set of pulleys respectively
constitute several pull-gear assemblies, the pulley and the
gear of each of the pulley-gear assemblies are coaxially and
fixedly connected, and the gears mesh with each other; and
the driving segment structural backbone extends between
the pulleys of the pulley-gear assemblies through the first
structural backbone guide channel, the driving gear meshes
with the gear of one of the pulley-gear assemblies to transmit
a driving force, the set of transmission gears and the set of
pulleys rotate together about their respective axes, thereby
pushing and pulling the driving segment structural backbone
by means of frictional forces, and the first structural back-
bone guide channel is fixedly connected to the support
column at one end and is fixedly connected to the driving
segment base plate at an other end.

17. The driving unit of claim 15, further comprising a
transmission mechanism disposed within the middle con-
necting body, the transmission mechanism comprising: a
guide block and a transmission spacing disk fixed onto the
proximal base disk, a connection block running through a
central hole of the guide block and movable back and forth
in the central hole of the guide block, an actuation wire guide
channel with two ends being respectively fixed onto the first
fixing end plate and the transmission spacing disk, a actua-
tion wire with one end passing through the actuation wire
guide channel and the central hole of the transmission
spacing disk in sequence and then being fixed onto the
connection block, and the other end passing through the
center of the first fixing end plate to extend into and then
extend along with a distal structural body of the flexible
continuous body structure and finally being fixed onto the
surgical end effector at the distal end of the distal structural
body, and a first magnet fixed onto the connection block.
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18. The driving unit of claim 17, further comprising a
surgical end effector driving mechanism, the surgical end
effector driving mechanism comprising: a motor drive
assembly, a bevel gear box connected to an output end of the
motor drive assembly, a sliding groove jacket mounted on
the bevel gear box, a linear transmission assembly located
within the sliding groove jacket and connected to an output
end of the bevel gear box, two sliding blocks arranged
spaced apart from each other in the sliding groove jacket and
capable of sliding back and forth, one of the two sliding
blocks being connected to a movable end of the linear
transmission assembly, a second magnet mounted on an
other one of the two sliding blocks, and a spring with two
end being fixedly connected to the two sliding blocks,
respectively; wherein the motor drive assembly transmits
power to the linear transmission assembly through the bevel
gear box and the linear transmission assembly drives the
sliding block connected thereto to slide back and forth under
the guidance of a lateral groove of the sliding groove jacket;
the second magnet is coupled with the first magnet to
transmit a push-pull motion, thereby implementing the
motion control of the surgical end effector; and the spring
causes the linear transmission assembly to output a stable
and controllable pushing or pulling force to the actuation
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wire within a limited sliding travel, preventing the surgical
end effector from generating an excessive snap force.

19. The driving unit of claim 18, wherein the motor drive
assembly comprises: a connection frame for mounting the
bevel gear box, a second motor fixing plate and a support
plate mounted on the connection frame, a surgical end
effector driving motor mounted on the second motor fixing
plate, and a pair of transmission gears rotatably arranged on
the support plate; wherein an input gear of the pair of
transmission gears is coaxially connected to an output shaft
of the surgical end effector driving motor via a second
coupling, and an output gear of the pair of transmission
gears is coaxially connected to an input end of the bevel gear
box.

20. The driving unit of claim 18, wherein the linear
transmission assembly comprises: a threaded rod located
within the sliding groove jacket and coaxially connected to
the output end of the bevel gear box, and a nut in threaded
fit with the threaded rod; wherein the nut is the movable end
of the linear transmission assembly, which is securely con-
nected to one of the two sliding blocks via an anti-rotation
slider.
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