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The surgical instrument includes a distal tool, a rigid or ?ex 
ible elongated shaft that supports the distal tool, and a proxi 
mal handle or control member, Where the tool and the handle 
are coupled to the respective distal and proximal ends of the 
elongated shaft via distal and proximal bendable motion 
members. Actuation means extends between said distal and 
proximal members Whereby any de?ection of said control 
handle With respect to said elongated instrument shaft causes 
a corresponding bending of said distal motion member for 
control of said Working member. The proximal movable 
member comprises a movable ring assembly supported from 
the handle and adapted for three dimensional motion relative 
to the handle. A manually rotatable member may be arranged 
adjacent to the control handle for manually rotating the 
instrument shaft and Working member relative to the control 
handle. A locking member may be supported from the control 
handle. The locking member is manually operable by a user 
and includes a folloWer the position of Which is responsive to 
the position of the movable members. 
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SURGICAL INSTRUMENT 

RELATED APPLICATION 

[0001] The present application claims priority to Us. Pro 
visional Application Ser. No. 60/81 1,046 ?led on Jun. 5, 
2006. The content of all of the aforementioned application is 
hereby incorporated by reference herein in its entirety. 

TECHNICAL FIELD 

[0002] The present invention relates in general to surgical 
instruments, and more particularly to manually-operated sur 
gical instruments that are intended for use in minimally inva 
sive surgery or other forms of surgical or medical procedures 
or techniques. The instrument described herein is primarily 
for laparoscopic or endoscopic procedures, hoWever, it is to 
be understood that the instrument of the present invention can 
be used for a Wide variety of other procedures, including 
intraluminal procedures. 

BACKGROUND OF THE INVENTION 

[0003] Endoscopic and laparoscopic instruments currently 
available in the market are extremely dif?cult to learn to 
operate and use, mainly due to a lack of dexterity in their use. 
For instance, When using a typical laparoscopic instrument 
during surgery, the orientation of the tool of the instrument is 
solely dictated by the locations of the target and the incision. 
These instruments generally function With a fulcrum effect 
using the patients oWn incision area as the fulcrum. As a 
result, common tasks such as suturing, knotting and ?ne 
dissection have become challenging to master. Various lap 
aroscopic instruments have been developed over the years to 
overcome this de?ciency, usually by providing an extra 
articulation often controlled by a separately disposed control 
member for added control. HoWever, even so these instru 
ments still do not provide enough dexterity to alloW the sur 
geon to perform common tasks such as suturing, particularly 
at any arbitrarily selected orientation. Also, existing instru 
ments of this type do not provide an effective Way to hold the 
instrument in a particular position. 
[0004] Accordingly, an object of the present invention is to 
provide an improved laparoscopic or endoscopic surgical 
instrument that alloWs the surgeon to manipulate the tool end 
of the surgical instrument With greater dexterity. 
[0005] Another object of the present invention is to provide 
an improved surgical instrument that has a Wide variety of 
applications, through incisions, through natural body ori?ces 
or intraluminally. 

[0006] A further object of the present invention is to pro 
vide an improved medical instrument that is characterized by 
the ability to lock the instrument in a pre-selected particular 
position. 
[0007] Another object of the present invention is to provide 
a locking feature that is an important adjunct to the other 
controls of the instrument enabling the surgeon to lock the 
instrument once in the desired position. This makes it easier 
for the surgeon to thereafter perform surgical procedures 
Without having to, at the same time, hold the instrument in a 
particular bent con?guration. 
[0008] Still another object of the present invention is to 
provide an improved medical instrument that is characterized 
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by the ability to lock the position of the instrument in a 
pre-selected position While enabling rotation of the tip of the 
instrument While locked. 

SUMMARY OF THE INVENTION 

[0009] To accomplish the foregoing and other objects, fea 
tures and advantages of the present invention there is pro 
vided a medical instrument that comprising a proximal con 
trol handle; a distal Work member; a proximal movable 
member controlled from the proximal control handle; a distal 
movable member controlled from the proximal movable 
member to provide controlled movement of the distal Work 
member from the proximal control handle; an instrument 
shaft that intercouples the proximal and distal movable mem 
bers; and actuation means coupled betWeen said movable 
members. The proximal movable member comprises a mov 
able ring assembly supported from the handle and adapted for 
three dimensional motion relative to the handle. 
[0010] In accordance With other aspects of the present 
invention the medical instrument further including a locking 
member supported from the proximal control handle and 
having locked and unlocked states; the locking member in the 
unlocked state enabling control of the distal Work member 
from the proximal control handle via the movable members; 
the locking member, in the locked state, holding the movable 
members in a desired ?xed position; the locking member, in 
the locked state, ?xes the position of the proximal movable 
member; the distal movable members comprise a uni-body 
structure; the movable ring assembly includes a rotation con 
trol member adjacent the proximal control handle for control 
ling the distal Work member to rotate about a distal Work 
member axis; the handle includes a ball end upon Which the 
ring assembly is mounted for pivoting thereon in three dimen 
sions; the ring assembly further includes a rider on the ball 
and at least one locking lever supported by said rider; the 
actuation means comprises a set of cables that couple 
betWeen the turnable members and further including a cable 
retainer supported by the rotation control member and for 
retaining proximal ends of the cables; the proximal movable 
member comprises a bendable member that includes a bel 
loWs connected to the rotation control member, a rider and 
bearing means betWeen the rotation control member and the 
rider; a ball is secured to the proximal end of the instrument 
shaft and received in a socket of the control handle; the ring 
assembly includes a rotation knob mounted for rotation rela 
tive to the handle; the actuation means comprises a set of 
cables that couple betWeen the movable members and further 
including a cable retainer supported by the rotation control 
member and for retaining proximal ends of the cables; at least 
one locking lever supported by the handle and including a 
locking pad that is urged against the ball; the ring assembly 
includes a rotation control member and rider for controlling 
the distal Work member to rotate about a distal axis, the handle 
including a ball end upon Which the ring assembly is mounted 
for pivoting thereon, the ball end being split to receive a 
locking Wedge to lock the position of the rider on the ball; a 
slide button for controlling the locking Wedge position rela 
tive to the ball; the actuation means comprises cables and the 
rotation control member also includes a cable retainer for the 
proximal ends of the cables; and the proximal movable mem 
ber comprises a bendable member that includes a belloWs. 
[0011] In accordance With another embodiment of the 
present invention there is provided a medical instrument hav 
ing a proximal control handle and a distal tool that are inter 
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coupled by an elongated instrument shaft that is meant to pass 
internally of an anatomic body, proximal and distal movable 
members that respectively intercouple the proximal control 
handle and the distal tool With the instrument shaft, cable 
actuation means disposed betWeen the movable members and 
a locking means that is manually operable by a user and that 
includes a folloWer the position of Which is responsive to the 
position of the movable members. 
[0012] In accordance With other aspects of the present 
invention the movable members comprise bendable mem 
bers, the cable actuation means comprising a ?rst cable set 
disposed betWeen the bendable members and further includ 
ing a second cable set coupled betWeen the folloWer and 
proximal bendable member; the cables of the second set 
terminate at the distal end of the proximal bendable member; 
both of the bendable members comprise uni-body members 
that include discs that de?ne slots therebetWeen, the ?rst 
cable set extending through both distal and proximal uni 
body members While the second cable set extends through 
only the proximal uni-body member; the folloWer includes a 
ball and a rider supported on the ball, the second cable set 
connected to the rider to pivot the rider on the ball in response 
to bending at the proximal bendable member; a rotation mem 
ber adjacent the proximal control handle is controllable to 
rotate the tool about its distal tool axis; the rotation member 
includes a pair of legs that de?ne at least one slot for guiding 
at least one pin of the rider; the rotation member includes 
opposed legs that de?ne opposed slots for receiving opposed 
pins of the rider; the ball is a split ball and the locking means 
further includes a Wedge member that is operable in the 
locked state to engage the split ball to, in turn, freeze the 
position of the folloWer on the ball; the locking means com 
prises a slide button mounted at the handle and a Wedge 
member responsive to the slide button for locking the position 
of the folloWer; the folloWer includes a ball and a rider sup 
ported on the ball, the ball being split for receiving the Wedge 
member; and the slide button includes opposed ends that are 
respectively disposed on opposite sides of the handle and are 
manually actuable to either lock or unlock the instrument by 
depression thereof. 
[0013] In accordance With another embodiment of the 
present invention there is provided a surgical instrument hav 
ing a proximal control handle and a distal tool that are inter 
coupled by an elongated instrument shaft that is meant to pass 
internally of an anatomic body, proximal and distal movable 
members that respectively intercouple the proximal control 
handle and the distal tool With the instrument shaft, a ?rst 
cable set disposed betWeen the movable members to transfer 
control betWeen the movable members, a folloWer disposed at 
the proximal control handle and a second cable set disposed 
betWeen the folloWer and one of the movable members, the 
position of the folloWer being responsive to the position of the 
movable members. 
[0014] In accordance With other aspects of the present 
invention the movable members comprise bendable members 
and further including a locking member that is manually 
operable by a user and that is adapted to ?x the position of the 
folloWer When locked; the second cable set connects betWeen 
the folloWer and the proximal bendable member; and the 
folloWer includes a ball and a rider supported on the ball, the 
second cable set connected to the rider to pivot the rider on the 
ball in response to bending at the proximal bendable member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] It should be understood that the draWings are pro 
vided for the purpose of illustration only and are not intended 
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to de?ne the limits of the disclosure. The foregoing and other 
objects and advantages of the embodiments described herein 
Will become apparent With reference to the folloWing detailed 
description When taken in conjunction With the accompany 
ing draWings in Which: 
[0016] FIG. 1 is a side elevation vieW of an embodiment of 
the surgical instrument of the present invention; 
[0017] FIG. 2 is an enlarged fragmentary cross-sectional 
side vieW of the instrument shoWn in FIG. 1 With the instru 
ment shoWn locked in a bent or angular position; 
[0018] FIGS. 2A and 2B are schematic perspective vieWs of 
the surgical instrument depicted in FIGS. 1 and 2 illustrating 
the instrument in separate sections including the handle as 
separate from the rest of the instrument; 
[0019] FIG. 3 is an enlarged fragmentary cross-sectional 
side vieW of the surgical instrument of FIGS. 19 and 20 and 
taken at the proximal bendable member; 
[0020] FIG. 4 is a cross-sectional side vieW of the instru 
ment illustrated in FIGS. 1-3 and as taken along line 4-4 of 
FIG. 3; 
[0021] FIG. 5 is a someWhat enlarged fragmentary cross 
sectional vieW of an alternate embodiment of the present 
invention similar to that shoWn in FIG. 2; 
[0022] FIGS. 5A and 5B are schematic perspective vieWs of 
the surgical instrument depicted in FIG. 5 illustrating the 
instrument in separate sections including the handle as sepa 
rate from the rest of the instrument; 
[0023] FIG. 6 is a fragmentary cross-sectional vieW of a 
further alternate embodiment of the instrument of the present 
invention as taken at the proximal bendable member; 
[0024] FIG. 7 is a cross-sectional vieW taken along line 7-7 
of FIG. 6; 
[0025] FIG. 8 is a cross-sectional vieW taken along line 8-8 
of FIG. 7; 
[0026] FIG. 9 is a schematic cross-sectional side vieW of a 
further embodiment of the instrument using a different lock 
ing mechanism and shoWn With the instrument in a bent 
con?guration; 
[0027] FIG. 10 is a schematic cross-sectional side vieW of 
the instrument of FIG. 9 but With the rotation knob rotated 
through 45 degrees; 
[0028] FIG. 10A is a schematic perspective vieW of the 
embodiment shoWn in FIGS. 9 and 10; 
[0029] FIG. 10B is an enlarged fragmentary perspective 
vieW of the embodiment shoWn in FIGS. 9 and 10 illustrating 
further details of the locking mechanism but With the handle 
bent in the opposite direction; 
[0030] FIG. 11 is a fragmentary schematic cross-sectional 
plan vieW of the embodiment of FIGS. 9 and 10 as taken along 
line 11-11 of FIG. 10; 
[0031] FIG. 12 is a cross-sectional schematic vieW taken 
along line 12-12 of FIG. 11; and 
[0032] FIG. 12A is a cross-sectional vieW taken along line 
12A-12A of FIG. 10. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0033] The instrument of the present invention may be used 
to perform minimally invasive procedures. “Minimally inva 
sive procedure,” refers herein to a surgical procedure in Which 
a surgeon operates through small cut or incision, the small 
incision being used to access the operative site. In one 
embodiment, the incision length ranges from 1 mm to 20 mm 
in diameter, preferably from 5 mm to 10 mm in diameter. This 
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procedure contrasts those procedures requiring a large cut to 
access the operative site. Thus, the ?exible instrument is 
preferably used for insertion through such small incisions 
and/ or through a natural body lumen or cavity, so as to locate 
the instrument at an internal target site for a particular surgical 
or medical procedure. The introduction of the surgical instru 
ment into the anatomy may also be by percutaneous or sur 
gical access to a lumen or vessel, or by introduction through 
a natural ori?ce in the anatomy. 
[0034] In addition to use in a laparoscopic procedure, the 
instrument of the present invention may be used in a variety of 
other medical or surgical procedures including, but not lim 
ited to, colonoscopic, upper GI, arthroscopic, sinus, thorasic, 
transvaginal and cardiac procedures. Depending upon the 
particular procedure, the instrument shaft may be rigid, semi 
rigid or ?exible. 
[0035] Although reference is made herein to a “surgical 
instrument,” it is contemplated that the principles of this 
invention also apply to other medical instruments, not neces 
sarily for surgery, and including, but not limited to, such other 
implements as catheters, as Well as diagnostic and therapeutic 
instruments and implements. 
[0036] There are several different embodiments that are 
described herein. Basically, in all these embodiments prefer 
ably both the tool and handle motion members or bendable 
members are capable of bending in any direction. They are 
interconnected via cables in such a Way that a bending action 
at the proximal member provides a related bending at the 
distal member. The proximal bending is controlled by a 
motion or de?ection of the control handle by a user of the 
instrument. In other Words the surgeon grasps the handle and 
once the instrument is in position any motion at the handle 
(de?ection) immediately controls the proximal bendable 
member Which, in turn, via cabling controls a corresponding 
bending or de?ection at the distal bendable member. 
[0037] The proximal member is preferably generally larger 
than the distal member so as to provide enhanced ergonomic 
control. In one version in accordance With the invention there 
may be provided a bending action in Which the distal bend 
able member bends in the same direction as the proximal 
bendable member. In an alternate embodiment the bendable, 
turnable or ?exible members may be arranged to bend in 
opposite directions by rotating the actuation cables through 
180 degrees, or could be controlled to bend in virtually any 
other direction depending upon the relationship betWeen the 
distal and proximal support points for the cables. 
[0038] It should be noted that the amount of bending 
motion produced at the distal bending member is determined 
by the dimension of the proximal bendable member in com 
parison to that of the distal bendable member. In the embodi 
ment described the proximal bendable member is generally 
larger than the distal bendable member, and as a result, the 
magnitude of the motion produced at the distal bendable 
member is greater than the magnitude of the motion at the 
proximal bendable member. The proximal bendable member 
can be bent in any direction (about 360 degrees) controlling 
the distal bendable member to bend in either the same or an 
opposite direction, but in the same plane at the same time. 
Also, as depicted in FIG. 2, the surgeon is able to bend and roll 
the instrument’s tool about its longitudinal axis at any orien 
tation simply by rolling the axial rotation knob. 
[0039] In this description reference is made to bendable 
members. These members may also be referred to as turnable 
members or ?exible members. In the descriptions set out 
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herein, terms such as “bendable section,” “bendable seg 
ment,” “bendable motion member,” or “tumable member” 
refer to an element of the instrument that is controllably 
bendable in comparison to an element that is pivoted at a joint. 
The term “movable member” is considered as generic to 
bendable sections and joints. The bendable elements of the 
present invention enable the fabrication of an instrument that 
can bend in any direction Without any singularity and that is 
further characterized by a ready capability to bend in any 
direction. One form of bendable members shoWn herein 
includes a single unitary or uni-body structure. Another form 
of bendable member disclosed herein is a ball and rider struc 
ture. A de?nition of these bendable motion members isian 
instrument element, formed either as a controlling means or a 
controlled means, and that is capable of being constrained by 
tension or compression forces to deviate from a straight line 
to a curved con?guration Without any sharp breaks or angu 
larityi. Bendable members may be in the form of unitary 
structures, such as shoWn herein in FIG. 9, may be con 
structed of engageable discs, or the like, or may include 
belloWs arrangements. A de?nition of a “unitary” or “uni 
body” structure is,ia structure that is constructed only of a 
single integral member and not one that is formed of multiple 
assembled or mated componentsi. 

[0040] A ?rst embodiment of the invention is described 
herein in FIGS. 1-4 and includes the ‘functions of bending, 
rotation and locking all as to be described in more detail 
hereinafter. The surgical instrument 310 is comprised of a 
handle 312 at the proximal end of the instrument, an elon 
gated instrument shaft 314 and a tool or end effector 316 
disposed at the distal end of the surgical instrument. The tool 
may take on a number of different con?gurations including, 
but not limited to, articulating and non-articulating tools. In 
the disclosed embodiment the instrument shaft 314 is rigid, 
usually of a metal material, although it may also be con 
structed so as to be at least partially inherently ?exible or 
bendable. For normal laparoscopic procedures the instrument 
shaft 314 is usually rigid. For an example of a ?exible instru 
ment shaft used intraluminally refer herein to FIGS. 14 and 15 
of related U.S. application Ser. No. 10/822,081, ?led on Apr. 
12, 2004 Which is hereby incorporated by reference herein in 
its entirety. Also incorporated by reference in their entirety 
are U.S. application Ser. No. 11/185,911 ?led on Jul. 20, 
2005; Us. application Ser. No. 11/242,642 ?led on Oct. 3, 
2005 and Us. application Ser. No. 11/302,654 ?led on Dec. 
14, 2005. 
[0041] The handle 312 may be comprised of tWo handle 
halves. A lever 322 is manipulatable by the surgeon as the 
handle is grasped for opening and closing the end effector 3 16 
at the distal end of the instrument shaft 314. In FIG. 2 the end 
effector is illustrated as comprised of a movable jaW 344 and 
a ?xed jaW 346. The rotation knob 324 at the proximal end of 
the instrument is used to rotate the instrument shaft and end 
effector. This rotation is illustrated in FIG. 2 by the circular 
arroW R1. In FIG. 2 a coordinate system expressed by the 
X-Y-Z axes may be considered With axis Z being the axis of 
the instrument shaft. The roll of the instrument indicated by 
the arroWs R1, R2 and R3 is in relationship to the Z axis. 

[0042] FIGS. 2 and 3 also illustrate an adaptor cover 326 for 
partially retaining a portion of the proximal bendable member 
318. At the distal end of the instrument shaft 314, there is 
provided the distal motion or bendable member 320. The 
member 320 may be at least partially covered by a sheath-like 
cover (not shoWn) that may be a thin plastic or rubber ?exible 
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tube that readily de?ects as the distal bendable member is 
actuated from the proximal bendable member via the handle. 
For instruments such as a needle holder or a suture assist 

device, the compliant cover is bene?cial in preventing the 
suture from catching While tying a knot. However, for other 
applications one may choose not to use the cover so as to 

simplify the instrument and its fabrication. Other compo 
nents, such as the knob 324, adaptor cover 326 and bendable 
members are preferably formed of a plastic material. 

[0043] The instrument of the present invention is preferably 
constructed to be disposable or alternatively resposable. 
Accordingly, to make the instrument as inexpensively as pos 
sible as many of the components as possible are made of a 
plastic material. 
[0044] The surgical instruments that are described herein 
may be used for laparoscopic surgery through the abdominal 
Wall. For this purpose there is provided an insertion site at 
Which there is disposed a cannula or trocar (not shoWn). The 
shaft 314 of the instrument is adapted to pass through the 
cannula so as to dispose the distal end of the instrument at an 
operative site. The end effector 316 is disposed at such an 
operative site. A rolling motion can be carried out With the 
instrument of the present invention. This can occur by virtue 
of the rotation of the rotation knob 324 relative to the handle 
312 about the handle axis T Which is essentially the longitu 
dinal center line of the handle. This is illustrated in FIG. 2 by 
the circular arroW R1. When the rotation knob 324 is rotated, 
in either direction, this causes a corresponding rotation of the 
instrument shaft 314 about the aforementioned Z axis. This is 
depicted in FIG. 2 by the rotational arroW R2. This same 
motion also causes a rotation of the end effector 316 about 
axis P as illustrated by the rotational arroW R3 in FIG. 2. Refer 
also to FIG. 2A for a shoWing of the rotational arroWs. In FIG. 
2 the rotation knob 324 is shoWn tilted relative to transverse 
axis S at an. angle B1. In the position of FIG. 2 the rotation 
knob can be rotated relative to the rider 352. By means of the 
cabling 300 a bending at the proximal bendable member 318 
causes a corresponding bend at the distal bendable member 
320 to a position Wherein the tip is directed along axis P and 
at an angle B2 to the instrument shaft longitudinal center axis. 

[0045] The combination of manipulation via the bendable 
members and rotation via the knob 324 provides a very pre 
cise and ergonomically comfortable degree of control for the 
surgeon. The instrument maybe used in a number of different 
Ways. In this particular embodiment, rather than tilting the 
handle itself, the handle is maintained in line With the instru 
ment shaft, and the rotation knob (in combination With the 
locking mechanism 311) is manipulated to both rotate in the 
direction of arroW R1, as Well as to tilt or rotate on the ball 325 
in essentially any direction. As shoWn in FIGS. 2 and 3, the 
ball 325 is an integral part ofthe handle 312. Thus, the handle 
312 may be grasped in the palm and the ?ngers and thumb 
may be used to manipulate the rotation knob 324 enabling 
tilting of the rotation knob in pitch and yaW, as Well as rotation 
thereof, in controlling the end effector. One or more of the 
?ngers may also be used to actuate the end effector from the 
lever 322. 

[0046] In the draWings a set of jaWs is depicted, hoWever, 
other tools or devices may be readily adapted for use With the 
instrument of the present invention. These include, but are not 
limited to, cameras, detectors, optics, scope, ?uid delivery 
devices, syringes, etc. The tool may include a variety of 
articulated tools such as: jaWs, scissors, graspers, needle 
holders, micro dissectors, staple appliers, tackers, suction 
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irrigation tools and clip appliers. In addition, the tool may 
include a non-articulated tool such as: a cutting blade, probe, 
irrigator, catheter or suction ori?ce. 
[0047] In FIG. 2 the cabling Within the instrument shaft is 
shoWn controlling the instrument in a bent condition With the 
end effector bent upWardly as shoWn. The end effector or tool 
16 is actuated by means of a jaW actuation means Which is 
comprised primarily of the elongated lever 322 at the proxi 
mal end of the instrument. The lever 322 is supported from the 
housing at the lever pivot pin 323. The closing of the lever 322 
against the handle 312 acts upon a slider 328 Which is used to 
capture the very proximal end of the actuation cable 338. 
When the lever 322 is un-actuated (separated from the handle 
housing) this corresponds to the end effector jaWs being in a 
fully open position. When the lever 322 closes this causes the 
slider to move toWard the right as depicted in FIG. 2, and then 
the jaWs 344 and 346 are moved toWard a closed position. In 
FIG. 2 the jaWs are illustrated as closed so as to grasp, for 
example, a needle 345. 
[0048] The instrument shaft 314 includes an outer shaft 
tube 332 that may be constructed of a light Weight metal 
material or may be a plastic material. Alternatively, the tube 
332 may be ?exible for intraluminal use. The proximal end of 
the tube 332 is received by the adaptor cover 326. The distal 
end of the tube 332 is secured to the distal bendable member 
320. Refer to FIG. 2 for some further details of the distal 
bendable member 320. Within the outer shaft tube 332 there 
is provided a support tube 334 that is preferably constructed 
of a metal material, but could also be made of a rigid plastic 
material. Tube 334 extends betWeen the distal bendable or 
?exible member 320 and the proximal bendable or ?exible 
member 318, and further extends into the ball 325 of the 
handle. The jaW actuator cable 338 extends Within this sup 
port tube 334. The support tube 334 may support along its 
length a plurality of spacers, only one of Which is shoWn in 
FIG. 3 at 305. Each of the spacers may be evenly spaced and 
provided With diametric guide slots for the cables. 
[0049] As indicted previously, the end effector 316 is com 
prised ofa pair ofjaWs 344 and 346. ThesejaWs may be used 
to grasp a needle 345 or other item. The upper jaW 344 ?ts 
Within a channel (not shoWn) in the loWer j aW 346. A pivot pin 
348 is used betWeen the j aWs to enable rotation therebetWeen. 
A translation pin 342 extends through slots of the jaWs and 
engages With the jaW actuator cable 338. When the lever 322 
is in its rest position the jaWs are fully open. In that position 
the pin 342 is at a more distal location maintaining the jaW in 
an open position. As the cable 338 is pulled, then the pin 342 
moves to the right in the slots, causing the jaWs 344 and 346 
to pivot toWard a closed position as depicted in FIG. 2. 
[0050] The jaW actuator cable 338 terminates at its respec 
tive ends at the end effector and at a rotation barrel (not 
shoWn) supported in the slider 328 (see FIG. 2). Within the 
distal bendable sections 320 there may be provided a plastic 
tube. This tube may be constructed of a plastic such as poly 
ethyletherkeytone (PEEK). The material of the tube is su?i 
ciently rigid to retain the cable 338 and yet is ?exible enough 
so that it can readily bend With the bending of the bendable 
member 320. The tubes have a su?icient strength to receive 
and guide the cable, yet are ?exible enough so that they Will 
not kink or distort, and thus keep the cable in a proper state for 
activation, and also de?nes a ?xed length for the cable. The 
tube is longitudinally stiff, but laterally ?exible. 
[0051] The control of the end effector 316 is by means of 
the jaW actuator cable 338. As Mentioned previously the very 
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proximal end of the jaW actuator cable 338 is retained at the 
slider 328. A link (not shown) connected from the lever 322 is 
the main means for actuating the slider 328 and, in turn, the 
actuator cable 338 from the lever 322. Refer to related provi 
sional application Ser. No. 60/802,885 ?led on May 23, 2006 
for further details of the tool actuation means particularly the 
part Within the handle 312 and Which is hereby incorporated 
by reference in its entirety. 
[0052] The lever 322 actuates the end effector as it is 
pressed toWard the handle body. The lever 322 operates With 
a ratchet and paWl arrangement With the lever capable of 
being depressed in ratcheted increments. This ratchet and 
paWl arrangement includes the ratchet 386 and paWl 388. 
[0053] To accommodate the ratchet 386, the slider 328 is 
provided With an end dish out or cut out. The paWl 388 is 
retained by the handle. The ratchet 388 pivots at the pivot pin 
390 and is provided With a series of ratchet teeth that can hold 
the ratchet in successive positions corresponding to succes 
sive degrees of closure of the end effector. A torsion spring 
(not shoWn) is disposed partially about the pivot 390 and 
urges the ratchet teeth into contact With the paWl 388. 
[0054] The ratchet and paWl arrangement also includes an 
integral release means that is usually engageable by the sur 
geon’s thumb. As depicted in FIG. 2, on one side of the pivot 
390 there is the paWl 386 and on the other side of the pivot 
there is an arm that supports a release button 396. When a 
force is directed against the button 396 in the direction of 
arroW M in FIG. 1 then this releases the ratchet and paWl 
arrangement and returns the lever 322 to its released position 
With the jaWs fully opened. The pressing of the button 396 
rotates the ratchet out of engagement With the paWl. 
[0055] Reference is noW made to the cabling that extends 
betWeen the proximal and distal bendable members. This 
cabling is provided so that any bending at the proximal bend 
able member is converted into a corresponding bending at the 
distal bendable member. The bendable members that are 
described herein enable bending in all directions. In the pre 
ferred embodiment described herein, the distal bendable 
member is smaller than the proximal bendable member. HoW 
ever, as indicated before other siZe relationships can be used 
depending upon the particular use of the instrument and the 
medical procedure in Which it is being used. 
[0056] The control betWeen the proximal bendable or tum 
able member 318 and the distal ?exible, bendable or tumable 
member 320 is carried out by means of the ?ex control cables 
300. There are four such cables in the illustrated embodiment 
identi?ed, for example, in FIG. 2A. At the proximal end of 
these cables, the cables connect to the anchors or cable end 
lugs 302. Four springs 304 are retained betWeen these end 
lugs 302 and the annular cable retainer 301. Refer to FIG. 3 
for an illustration of the end lugs 302 and the springs 304. The 
springs 304 tension or take up the slack on the cables. 
BetWeen the bendable members, the cables 300 may be 
guided by means of the slots in spacers (only one shoWn) that 
may be disposed along the support tube 334. Within the 
adaptor cover 326, the cables 300 extend through the transi 
tion member 306. The cables then extend to a larger outer 
diameter locus as they extend through the proximal bendable 
member as depicted in FIGS. 2 and 3. The stepped transition 
member 306 may be of metal and is disposed adjacent to the 
proximal end of tube 334. 
[0057] FIGS. 1 and 2 depict the distal end of the instrument 
and, in particular, the distal ?exible member 320. This is in the 
form of a unitary member Which may be the same as that 
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describedinU.S. Ser. No. 11/185,911, ?led on Jul. 21, 2005, 
Which is hereby incorporated by reference in its entirety. 
Brie?y, this distal bendable member is comprised of a single 
piece slotted uni-body or unitary structure comprised of alter 
nating slots and discs. The discs are supported from a central 
member. FIGS. 1 and 2 illustrate the discs 319 that de?ne 
therebetWeen the annular slots 321. BetWeen adjacent discs 
there may also be provided connecting ribs (not shoWn). 
Clearance holes are provided for receiving the cables 300. 
These clearance holes are provided in the ribs and discs. To 
align the distal ?exible member With the shaft tube 332, there 
may be provided an alignment tab on the distal bendable 
member 320 and a corresponding slot in the tube 332. 

[0058] The proximal motion member 318 is constructed 
primarily as a belloWs 327 that functions With the rotation 
knob 324 and locking mechanism 311 to control the distal end 
of the instrument. The belloWs 327 is attached at opposite 
ends to the adaptor 326 at member 306 and at the rotation 
knob 324. The ends of the belloWs may be secured by a 
compression ?t With the respective adaptor 326 and rotation 
knob 324. As illustrated in FIGS. 2 and 3 the belloWs are 
constructed as an accordion pleat and have a relatively rigid 
construction so that they are relatively stiff in the rotational 
direction, and yet are readily ?exible (foldable) in the longi 
tudinal direction. Any rotation imparted to the rotation knob 
324 is coupled via the belloWs 327 to the adaptor 326 and 
instrument shaft 314, and from there to the distal end of the 
instrument to rotate the end effector. Thus, in this embodi 
ment the handle is maintained at an in-line position relative to 
the instrument shaft While the rest of the instrument that is 
distal thereof can be rotated via the rotation knob. Further, 
bending is controlled via the rotation knob and rider in con 
junction With the ball of the handle. 
[0059] The embodiment described in FIGS. 1-4 also 
includes a lock feature that enables the position betWeen the 
proximal and distal motion members to be ?xed in a prede 
termined position, such as the position illustrated in FIG. 2 
Where the rotation knob and lock mechanism have been bent, 
pivoted or rotated causing a corresponding bending of the tool 
upWardly. Once the surgeon has the instrument in the desired 
bent position then the locking mechanism is used to conve 
niently hold the instrument in that position. The speci?c lock 
ing member is shoWn in FIGS. 2 and 3 as provided by the 
opposed lock levers 340 that are pivotally supported at pins 
341. For the purpose of illustration, FIG. 3. shoWs the bottom 
lock lever 340 in its released position in Which the bendable 
members are permitted to bend in the normal operation of the 
instrument Without being locked, While the top lock lever 340 
in FIG. 3 is shoWn in its locked position. The locking levers 
are each also provided With a friction pad 343 (FIG. 3) for 
engaging the ball 325. 
[0060] In this embodiment, although a pair of lock levers is 
illustrated it is understood that only a single lock lever may be 
used. When a pair of lock levers is used they are normally both 
held in the same position, either locked or unlocked. This 
locking feature is an important adjunct to the other controls of 
the instrument enabling the surgeon to lock the instrument 
once in the desired position. This makes it easier for the 
surgeon to thereafter perform surgical procedures Without 
having to, at the same time, hold the instrument in a particular 
bent con?guration. 
[0061] Thus, the control at the handle is used to bend the 
instrument at the proximal bendable member to, in turn, con 
trol the positioning of the distal bendable member and tool. 
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The “position” of the tool is determined primarily by this 
bending action and may be considered as the coordinate loca 
tion at the distal end of the distal bendable member. Actually, 
one may consider a coordinate axis at both the proximal and 
distal bendable members as Well as at the instrument tip. This 
positioning is in three dimensions. The “orientation” of the 
tool, on the other hand, relates to the rotational positioning of 
the tool about the illustrated distal tip axis (see axis P in FIG. 
3). 
[0062] In the embodiment of FIGS. 1-4 the position of the 
end effector is set by means of an oscillating or movable ring 
assembly 350 that may be considered as including, inter alia, 
the aforementioned rotation knob 324, levers 340, annular 
cable retainer 301 and locking mechanism 311. This ring 
assembly 350 also includes the rider 352, retainer ring 354, 
bearing 356 and fasteners. The ring assembly 350 is manipu 
lated via the rotation knob 324 to control the cabling to the 
end effector and in a pitch and yaW manner. This action 
pushes and pulls the cabling to set the position of the end 
effector. At the same time the rotation knob 324 may be 
rotated to rotate the tip of the instrument about its tip axis. See 
axis P and rotational arroW R3 in FIG. 2. In FIG. 2 the levers 
340 are shoWn in their locked position to thus clamp the ring 
assembly 350 to the handle ball 325. Any rotation of the 
rotation knob 324 While the instrument is locked (or 
unlocked) maintains the instrument tip at the same angular 
position, but rotates the orientation of the tip (tool). For a 
further explanation of the rotational feature refer to co-pend 
ing application Ser. No. 11/302,654, ?led on Dec. 14, 2005, 
particularly FIGS. 25-28, Which is hereby incorporated by 
reference in its entirety. 
[0063] Refer noW to FIGS. 3 and 4 for further details of the 
movable or rotatable ring assembly 350. The annular cable 
retainer 301 and rotation knob 324 form a unit that is held 
together by a plurality of securing screWs 351. This unit is 
rotational by means of the bearing 356 relative to the rider 
352. The annular rider 352 is secured With the retaining ring 
354 by means of a plurality of securing screWs 353. Thus, any 
rotation of the rotation knob 324 causes a rotation of the cable 
retainer 301 and the associated cables 300. The rider 352 and 
retaining ring 354 capture the handle ball 325 and have their 
inner surfaces conform to the shape of the spherical ball 325. 
The rider 352 is supported so as to be free to pitch and yaW on 
the ball 325, While the rotation knob 324 is free to rotate 
relative to the rider 352. The user of the instrument can 
manipulate the rotation knob and rider separately With sepa 
rate ?ngers. FIG. 2 shoWs the ring assembly 350 tilted to 
provide a like tilt of the end effector, While FIG. 3 shoWs the 
ring assembly 350 at a neutral position Which corresponds to 
a straight position of the distal end of the instrument. 
[0064] FIGS. 3 and 4 also shoW the bearings 380 that enable 
the inner shaft 334 to rotate relative to the ?xed ball 325 When 
the instrument shaft is rotated from the rotation knob 324. The 
inner shaft 334 is illustrated as having a proximal end collar 
383 for positioning and supporting the inner shaft relative to 
the bearings. A thrust Washer 382 may also be provided 
betWeen the bearing 380 and collar 383. The handle itself is 
preferably provided in tWo halves joined by locating pins 384 
in the ball 325. 
[0065] Reference is noW made to FIGS. 5, 5A and 5B for a 
description of another embodiment of the present invention. 
The surgical instrument 410 is comprised of a handle 412 at 
the proximal end of the instrument, an elongated instrument 
shaft 414 and a tool or end effector 416 disposed at the distal 
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end of the surgical instrument. The instrument shaft and distal 
end of the instrument in this embodiment may be substan 
tially identical to the embodiment illustrated in FIGS. 1 and 2. 
The embodiment of FIG. 5 also illustrates an adaptor cover 
426 for partially retaining a portion of the proximal bendable 
member 418. At the distal end of the instrument shaft 414, 
there is provided the distal motion or bendable member 420. 

[0066] In the embodiment of FIG. 5 rather than the ball 
being attached to the handle, the ball 425 is attached to the 
proximal end of the instrument shaft and thus the handle 412 
can bend or de?ect at its rider 452. The axis of the handle 
shifts as the rider rotates on the ball 425. This action bends the 
proximal bendable member 418, such as to the position 
shoWn in FIG. 5. The positioning of the end effector is set or 
controlled by changing the angle of the handle relative to the 
instrument shaft. Once the tool is in the desired position then 
the locking mechanism 411 clamps the ball and socket (rider) 
together. 
[0067] The proximal motion member 418 is constructed 
primarily of a belloWs 427 that functions With the rotation 
knob 424 and locking mechanism 411 to control the distal end 
of the instrument. The belloWs 427 is attached at opposite 
ends to the adaptor 426 at member 406 and at the rotation 
knob 424. The ends of the belloWs may be secured by a 
compression ?t With the respective adaptor 426 and rotation 
knob 424. As illustrated in FIG. 5 the belloWs are constructed 
as an accordion pleat and have a relatively rigid construction 
so that they are relatively stiff in the rotational direction, and 
yet are readily ?exible (foldable) in the longitudinal direction. 
Any rotation imparted to the rotation knob 424 is coupled via 
the belloWs 427 to the adaptor 426 and instrument shaft 414, 
and from there to the distal end of the instrument to rotate the 
end effector. Thus, in this embodiment the handle is tilted on 
the ball to control the proximal bendable member Which, in 
turn, controls the position of the distal bendable member. 
While in any bent position the rotation knob is used to rotate 
the tip of the instrument about the tip axis. 
[0068] In the embodiment of FIG. 5 the position or location 
of the end effector is set by means of a ring assembly 450 that 
may be considered as including, inter alia, the aforemen 
tioned rotation knob 424, as Well as the levers 440, annular 
cable retainer 401 and locking mechanism 411. This ring 
assembly 450 also includes the rider 452 With its ?ange 453, 
retaining rings 454 and 455, bearing 456 and fasteners. The 
ring assembly 450 is manipulated via the rotation knob 424 to 
control the cabling to the end effector and in a pitch and yaW 
manner. This action pushes and pulls the cabling to set the 
position of the end effector. At the same time the rotation knob 
424 may be rotated to rotate the tip of the instrument about its 
tip axis. See axis P and rotational arroW R3 in FIG. 2. In FIG. 
5 the levers 440 are shoWn in their unlocked position to thus 
unclamp the ring assembly 450 relative to the ball 425. Any 
rotation of the rotation knob 424 While the instrument is 
locked (or unlocked) maintains the instrument tip at the same 
angular position, but rotates the instrument orientation of the 
tip of the instrument at the end effector. 
[0069] Refer noW to FIG. 5 for further details of the ring 
assembly 450. The annular cable retainer 401 and rotation 
knob 424 form a unit that may be constructed of one or 
separate parts. This unit is rotational by means of the bearing 
or bushing 456 relative to the ?ange 453 of the rider 452. The 
annular rider 452 may be secured With the retaining ring 455 
by means of one or more securing screWs. Any rotation of the 
rotation knob 424 causes a rotation of the cable retainer 401 
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and the associated cables 400. FIG. 5 also shows the cables 
terminating at their proximal ends at the end lug 402. A spring 
or resilient member may be associated With each securing lug 
402. The rider 452 and retaining ring 455 capture the shaft 
ball 425 and have their inner surfaces conform to the shape of 
the spherical ball 425. The rider 452 is supported so as to be 
free to pitch and yaW on the ball 425, While the rotation knob 
424 is free to rotate relative to the rider 452. A second retainer 
454 is fastened to the knob 424 about the ?ange 453. The user 
of the instrument can manipulate the rotation knob and rider 
separately With separate ?ngers. FIG. 5 shoWs the ring assem 
bly 450 tilted to provide a like tilt of the end effector. 
[0070] FIG. 5 also shoWs the bearings 480 that enable rela 
tive rotation betWeen the inner shaft 434 and the ball 425 
When the instrument shaft is rotated from the rotation knob 
424. The inner shaft 434 may have a proximal end collar as 
shoWn in FIG. 3 for positioning and supporting the inner shaft 
relative to the bearings. A thrust Washer may also be provided 
betWeen the bearing 480 and collar. The handle may be pro 
vided in tWo halves joined by locating pins in the ball 425. 
FIG. 5 also shoWs an expanded or ?ared channel at 429 in the 
ball 425. This con?guration assists in the free rotation of the 
handle to enable a bending of the actuator cable tube, such as 
in a position illustrated in FIG. 5. 
[0071] The embodiment described in FIG. 5 also includes a 
lock feature that enables the relative position betWeen the 
proximal and distal motion members to be ?xed in a prede 
termined position, such as the position illustrated in FIG. 5 
Where the rotation knob and lock mechanism have been bent, 
pivoted or rotated causing a corresponding bending of the 
tool. Once the surgeon has the instrument in the desired bent 
position then the locking mechanism is used to conveniently 
hold the instrument in that position. HoWever, even though 
locked, the tool orientation can be changed via the rotation 
knob, or the like. The speci?c locking member is shoWn in 
FIG. 5 as provided by the opposed lock levers 440 that are 
pivotally supported at pins 441. FIG. 5 shoWs the both lock 
levers 440 in their released position in Which the bendable 
members are permitted to bend in the normal operation of the 
instrument Without being locked. The levers 440 are pivoted 
toWard the rider 452 to urge the lever pad 459 into engage 
ment With the ball 425. 
[0072] In this embodiment although a pair of lock levers is 
illustrated it is understood that only a single lock lever may be 
used. When a pair of lock levers is used they are normally both 
held in the same position, either locked or unlocked. This 
locking feature is an important adjunct to the other controls of 
the instrument enabling the surgeon to lock the instrument 
once in the desired position. This makes it easier for the 
surgeon to thereafter perform surgical procedures Without 
having to, at the same time, hold the instrument in a particular 
bent con?guration. HoWever, even When locked, the end 
effector can still be rotated to control tool orientation. 

[0073] Refer noW also to FIGS. 5A and 5B. These are 
perspective vieWs of respective parts of the instrument of FIG. 
5. FIG. 5A shoWs the instrument part that includes everything 
from the rotation knob to the distal end of the instrument. This 
includes the proximal and distal bendable members, the 
instrument shaft and the end effector. FIG. 5B shoWs the 
handle part of the instrument along With the rider ?ange and 
locking levers. 
[0074] Reference is noW made to FIGS. 6-8 for a still fur 
ther embodiment of the present invention With a locking 
mechanism used to lock the position of the proximal and 
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distal bendable members. In FIGS. 6-8, the distal end of the 
instrument may be the same as described in FIG. 5. In the 
previous embodiments described herein, the locking member 
is embodied in the rider and thus the locking occurs by a 
pressure on the outside of the ball. This is the case in the 
embodiment Where the ball forms part of the handle (FIG. 2) 
or Where the ball is supported separately and from the instru 
ment shaft (FIG. 5). In FIG. 6 the ball is a split ball and a 
Wedge arrangement is used to urge the ball outWardly into 
engagement With the rider in order to lock the position of the 
proximal and distal bendable members. 

[0075] FIGS. 6-8 shoW the proximal end of the instrument 
and in particular the proximal bendable member 518 and the 
related locking mechanism. The surgical instrument 510 is 
comprised of a handle 512 at the proximal end of the instru 
ment, an elongated instrument shaft 514, only partially shoWn 
in FIG. 6, and a tool or end effector disposed at the distal end 
of the surgical instrument. The instrument shaft and distal end 
of the instrument in this embodiment may be substantially 
identical to the embodiment illustrated in FIGS. 1 and 2. The 
embodiment of FIG. 6 also includes an adaptor cover 526 for 
partially retaining a portion of the proximal bendable member 
518. At the distal end of the instrument shaft there is provided 
a distal motion or bendable member not shoWn in FIGS. 6-8. 

[0076] In the embodiment of the invention depicted in 
FIGS. 6-8 the ball 525 is integrally formed With the handle 
512, similar to that described in FIG. 2. HoWever, in the 
embodiment of FIG. 2 the ball is a substantially solid ball, 
Whereas in the embodiment of FIG. 6 the ball is a split ball 
having a split or slot at 561. The handle 512 also includes a 
shaft support post 565 that supports the bearings 580. As 
illustrated in FIG. 6 there are actually a pair of bearings 580 
With the more proximal one captured by the end collar 583. 
These bearings and the shaft support post 565 support the 
inner shaft 534. The inner shaft 534 carries the tool actuation 
cable 538. 

[0077] The proximal bendable member 518 is constructed 
primarily of a belloWs 527 that functions With the rotation 
knob 524 and the rider 552 to control the distal end of the 
instrument. The belloWs 527 is attached at opposite ends to 
the adaptor 526 at member 506 and also at the rotation knob 
524. The ends of the belloWs may be secured by a compres 
sion ?t With the respective adaptor 526 and rotation knob 524. 
As in the previous embodiments described herein, the bel 
loWs is constructed as an accordion pleat and has a relatively 
rigid construction so that the pleats are relatively stiff in the 
rotational direction, and yet are readily ?exible or foldable in 
the longitudinal shaft direction. 
[0078] In all the embodiments that use a belloWs, such as 
the belloWs 327 in FIG. 2 or the belloWs 527 in FIG. 6, it is 
noted that the belloWs itself functions as a torque transmission 
means. In other Words the belloWs have a su?icient rigidity 
thereto so as to be able to transmit the rotational motion from 
the rotation knob to the instrument shaft. This may be referred 
to as the belloWs providing rotational torque to distal mem 
bers such as the instrument shaft and end effector. At the same 
time the belloWs is constructed and arranged to be su?iciently 
?exible so as to ?ex (compress or expand) as the bending 
action is performed. Refer, for example, to FIG. 2 Where the 
belloWs 327 is shoWn ?exed to a more open position on the top 
While ?exed to a more closed position at the bottom. Other 
foldable members may also be used as an alternative to a 
belloWs. 
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[0079] Any rotation imparted to the rotation knob 524 is 
coupled via the bellows 527 to the adaptor 526 and from there 
to the instrument shaft 514. This causes the distal end of the 
instrument to rotate about the tool distal axis. The pitch and 
yaW of the instrument is also controlled by manipulation of 
the rider 552. By manipulating at the rotation knob 524, the 
rider 552 may be tilted such as in the position shoWn in FIG. 
6 to provide a corresponding tilt at the distal end of the 
instrument. To maintain an interlock betWeen the rider 552 
and the rotation knob 524 there is provided a retainer 553 that 
may be secured to the rider in a Well knoWn manner such as 
With the use of one or more securing fasteners or screWs. A 
raceWay is provided betWeen the rotation knob 524 and the 
rider as indicated at 559. This enables the rotation knob to 
rotate relative to the rider. 

[0080] In the embodiment of FIG. 6, the position of the end 
effector is set by means of the assembly 550 Which is consid 
ered as including the aforementioned rider 552 and the annu 
lar retainer 553. The rider is manipulated via the rotation knob 
to control the cabling to the end effector and in a pitch and 
yaW maimer. This action pushes and pulls the cabling 500 to 
set the position of the end effector. At the same time the 
rotation knob 524 may be rotated to rotate the tip of the 
instrument about its tip axis. FIG. 6 also shoWs the cabling 
500 and in particular the end lugs 502 and tensioning spring 
504. 
[0081] The embodiment described in FIGS. 6-8 also 
includes the locking feature that enables the position betWeen 
the proximal and distal motion members to be ?xed at a 
predetermined position such as at the position illustrated in 
FIG. 6 Where the rotation knob and the rider have been tilted 
at an angle causing a corresponding positioning of the tool 
end of the instrument. Once the surgeon has the instrument in 
the desired position the locking mechanism is used to conve 
niently hold the instrument in that position. The speci?c lock 
ing member in FIG. 6 comprises a locking Wedge 560 that is 
adapted to mate With the ball 525 and When the Wedge 560 is 
urged into the ball the slot 561 is spread causing the outer 
surface of the ball 525 to engage the inner surface of the rider 
and retainer. 
[0082] The locking Wedge 560 is actuated from the pull rod 
562 Which in turn is connected at its opposite end to the slide 
button 564. The slide button 564 may include a tooth ratchet 
arrangement With a leaf spring Which can be used to release 
the button after it has been slid and engaged. The button 564 
is arranged for longitudinal motion in the direction of arroW 
563 Within the opening 566 in the handle 512. A movement by 
the operator of the instrument in the direction of arroW 563 
causes the push rod 562 to move to the right and this, in turn, 
causes the Wedge 560 to pass more ?rmly into the slot in the 
ball 525 thus locking the position of the rider relative to the 
ball. Even in this locked position, the rotation knob 524 may 
still be rotated relative to the locked rider 552. 

[0083] Reference is noW made to FIGS. 9-12 for an illus 
tration of a further embodiment of a medical instrument in 
accordance With the present invention. This instrument 
includes cabling for controlling the distal bendable member 
from the proximal bendable member and also includes addi 
tional cabling at the proximal bendable member for control 
ling a means for locking the bendable members in a ?xed 
relationship. This illustrated embodiment uses uni-body 
structures at both bendable ends of the instrument. 

[0084] In the embodiment of FIGS. 9-12 the surgical instru 
ment 610 is comprised of a handle 612 at the proximal end of 
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the instrument, an elongated instrument shaft 614 and a tool 
or end effector 616 that is disposed at the distal end of the 
surgical instrument. The surgical instrument shaft is usually 
rigid for laparoscopic procedures, typically constructed of a 
metal material. For intraluminal procedures the instrument 
shaft may be at least partially ?exible or bendable. FIGS. 9 
and 10 are similar schematic cross-sectional vieWs taken 45 
degrees apart to illustrate both bending cables 600 as Well as 
locking cables 660. 
[0085] FIG. 10A is a schematic perspective vieW of the 
embodiment shoWn in FIGS. 9 and 10. FIG. 10B is an 
enlarged fragmentary perspective vieW illustrating further 
details of the locking mechanism but With the handle bent in 
the opposite direction. FIG. 11 is a fragmentary cross-sec 
tional plan vieW taken along line 11-11 ofFIG. 10. FIG. 12 is 
a schematic cross-sectional vieW taken along line 12-12 of 
FIG. 11. FIG. 12A is a cross-sectional vieW taken along line 
12A-12A of FIG. 10. 

[0086] In this embodiment, the handle 612 may be com 
prised of tWo handle halves. A lever 622 (see FIG. 10A) is 
manipulated by the surgeon for opening and closing the end 
effector 616 at the distal end of the instrument shaft 614. The 
end effector 618 is comprised of a movable jaW 644 and a 
?xed jaW 646. The rotation knob 624 at the proximal end of 
the instrument shaft is used to rotate the entire instrument 
shaft and end effector. This rotation is illustrated in FIG. 10A 
by the circular arroWs R1, R2 and R3. An adaptor cover 626 
partially retains a portion of the proximal bendable member 
618 as shoWn in FIGS. 9 and 10. 

[0087] At the distal end of the instrument shaft 614, there is 
provided the distal bendable member 620. The distal bend 
able member 620 may be covered by a thin plastic sheath or 
tube to protect the distal bendable member. Both the distal 
and proximal bendable members are preferably constructed 
of a plastic material. 
[0088] In the schematic diagram of FIG. 10A the end effec 
tor 616 may be considered as disposed at an operative site. 
This diagram also depicts the rolling motion that can be 
performed With the instrument of the present invention. This 
occurs by virtue of the rotation of the rotation knob 624 
relative to the handle 612. This is illustrated by the circular 
rotation arroW R1 in FIG. 10A. When the rotation knob 624 is 
rotated in either direction this causes a corresponding rotation 
of the instrument shaft 614. This is depicted in FIG. 10A by 
the rotational arroW R2. This same motion also causes a 
rotation of the end effector 616 about the tip longitudinal axis, 
as illustrated by the rotational arroW R3. 
[0089] As indicated previously, the end effector or tool 616 
is actuated by means of a jaW actuation member including the 
elongated lever 622. The lever 622 is supported from the 
handle housing. This operates the tool actuator cable 638 
from a slider (not shoWn) in the handle housing. When the 
cable 638 is moved to the right, then the jaWs are moved 
toWard a closed position. In FIG. 9 the jaWs are illustrated as 
closed grasping a needle 645. 
[0090] The instrument shaft 614 includes an outer shaft 
tube 632 that may be constructed of a lightWeight metal 
material or may be a plastic material. The proximal end of the 
tube 632 is received by the adaptor cover 626. The distal end 
of the tube 632 is secured to the distal bendable member 620. 
The distal bendable member 620 as illustrated in FIGS. 9 and 
10 is a uni-body or unitary structure and is comprised of a 
series of discs 611 de?ning therebetWeen slots 613. Within 
the outer shaft tube 632 there is provided a support tube 634 
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that is preferably constructed of a plastic material. Tube 634 
extends between the distal bendable member 620 and the 
proximal bendable member 618. The jaW actuator cable 638 
extends Within this support tube 634. The support tube 634 
may have disposed along its length a series of spacers 505. 
Each of the spacers is preferably evenly spaced along the 
instrument shaft and may be provided With slots for accom 
modating the tool actuator cables. 
[0091] FIGS. 9 and 10 also illustrate the bending control 
cables 600 extending through the distal bendable member 
620. The terminating ends of the cables 600 connect to 
anchors 656 for respective control cables. The jaW actuator 
cable 638 terminates at its distal end at the end effector. 
Within each of the bendable sections or bendable members 
618 and 620 there is provided a plastic tube. This includes a 
distal tube 661 and a proximal tube 663. Both of these tubes 
may be constructed of a plastic such as polyethyletherkeytone 
(PEEK). The material of the tubes is suf?ciently rigid to retain 
the cable and yet is ?exible enough so that it can readily bend 
With the bending of the bendable members. The tubes are 
longitudinally stiff, but laterally ?exible. 
[0092] As indicated previously, the control betWeen the 
proximal bendable member 618 and the distal bendable mem 
ber 620 is carried out by means of the ?ex control cables 600. 
There are four such cables.At the distal end of these cables, as 
mentioned before, the cables connected to anchors 656 at the 
jaW end of the instrument. The cables 600 are retained at there 
proximal ends by cable end lugs 602 terminating at the proxi 
mal end of the proximal member. Preferably springs 604 or 
other resilient members are retained betWeen these end lugs 
602 and a Wall of the rotation knob 624. The springs 604 
tension or take up the slack on the cables. Within the adaptor 
cover 626, the cables 600 extend through the transition mem 
ber 606. The cables then extend to a larger diameter outer 
locus as they extend through the proximal bendable member. 
The stepped transition member 606 may be of metal and is 
secured to the end of the tube 632. 
[0093] The proximal bendable member 618 is constructed 
in a similar manner to the distal bendable member 620 but is 
preferably of a larger diameter. Both of these members are in 
the form of a single piece uni-body slotted structure com 
prised of alternating slots and discs. The discs are supported 
from a central member. FIGS. 9 and 10 illustrate the discs 631 
de?ning therebetWeen the slots 633. These discs are provided 
With holes for receiving the bend control cables as Well as the 
cables associated With the locking mechanism, to be 
described hereinafter. These proximal and distal bendable 
members may also be preferably provided With transverse 
ribs. 
[0094] In previous embodiments described herein, the 
locking of the instrument has occurred primarily by means of 
locking the rider for the rotation knob. This locking has 
occurred by Way of either locking levers or a locking Wedge 
arrangement. In the embodiment of the invention illustrated 
in FIGS. 9-12 the locking occurs by means of the use of a 
separate folloWer member illustrated as locking mechanism 
640. This folloWer mechanism operates in conjunction With 
lock cables 660 to lock a particular position of the proximal 
bendable member, and by doing so also locking the position 
of the distal bendable member, as the proximal and distal 
bendable members are interconnected by actuation cables 
600. 

[0095] The locking mechanism 640 includes, inter alia, an 
anchor ring 642 that provides the primary support for the 
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locking cables 660, as Well as the support of the locking 
mechanism from the rotation knob structure. In this regard, 
the anchor ring 642 includes diametrically disposed pins 672 
that are accommodated in elongated slots 678 of the opposed 
rearWardly extending ?ngers 676. Refer inparticular to FIGS. 
10B and 11. The ?ngers 676 extend from the rotation knob 
barrel 674. As illustrated in FIG. 11, the end Wall 675 of the 
barrel 674 supports the proximal end of the bending cables 
600. The cables 660 are relatively rigid and generally of a 
larger diameter than the cables 600. All of the cables 600 are 
preferably of the same length. 
[0096] When the instrument illustrated in this embodiment 
is in a straight in-line position then the locking mechanism, 
and particularly the anchor ring 642 extends substantially 
transverse to the center axis. When the handle 612 is bent, 
such as in the positions shoWn in FIGS. 9 and 10 then it is 
noted that the folloWer locking mechanism 640 tilts relative to 
the longitudinal axis T. When it is desired to lock the mecha 
nism in a particular bent condition then the Wedge member 
680 engages the split ball 625 and this locks the position of the 
anchor ring 642 and thus also locks the position of the locking 
or anchor cables 660. This, in turn, locks the position of the 
proximal bendable member 618 and via the cables 600 also 
locks the position of the distal bendable member 620. The 
rigidity of the locking cables 660 maintains the proximal 
bendable member 618 in the locked position. 
[0097] Each of the cables 660 are disposed 90 degrees 
apart, as are the bent cables 600. Refer to FIG. 12A for an 
illustration of the placement of these cables. It is noted that the 
cables 660 are disposed 45 degrees to the cables 600. This 45 
degree different position is illustrated in respective FIGS. 9 
and 10. The distal end of each cable 660 terminates at lug end 
621. As indicated previously, the proximal end of each cable 
660 terminates at lug 664 and spring or resilient member 665. 
Rotation of the rotation knob 624 causes rotation of the entire 
proximal bendable member and the locking mechanism 640. 
[0098] The locking mechanism 640 includes, in addition to 
the anchor ring 642, the rider 648 and the retaining ring 649. 
Fastening screWs or the like are used for securing together the 
rider 648 and the retaining ring 649 about the spherical ball 
625 as illustrated in FIG. 11. The ball 625 is also supported at 
its center by means of the sleeve 652 that has a ?ange on one 
end adjacent to the Wall 651 and a securing nut 657 at the 
opposite end. The Wedge member 680 is adapted to slide on 
the sleeve 652 into the slit 647 in the spherical ball 625. The 
cross-sectional vieW of FIG. 12 illustrates the ball 625 With its 
slit 647. FIG. 12 also illustrates the Wedge member 680 in 
cross-section. 

[0099] The conical Wedge 680 is moved by means of a 
button arrangement that includes the lock button 655. This 
button may be considered as having opposite ends 655A and 
655B. When the button end 655A is moved in the direction of 
arroW 655C then this locks the position of the instrument. 
When, instead, the button end 655B is depressed toWard the 
handle housing then this releases the locked position. 
[0100] FIG. 9 is a cross-sectional vieW of the instrument of 
this embodiment With the handle bent at an angle B1 Which 
causes a corresponding bending at the distal end of the instru 
ment at an angle B2 to the longitudinal shaft axis. In this 
embodiment the instrument can also be controlled in any 
direction including directions in and out of the plane of the 
paper in FIG. 9. In FIG. 9 it is noted that the handle is bent 
doWnWardly causing a corresponding bending upWardly of 
the distal end of the instrument. As indicated previously the 










