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ARTICULATE AND SWAPABLE ENDOSCOPE FOR 
A SURGICAL ROBOT 

RELATED U.S. APPLICATION DATA 

[0001] This application is a continuation-in-part of patent 
application With Ser. No. 11/071,480 ?led Mar. 3, 2005 
Which is a continuation-in-part of patent application With 
Ser. No. 10/726,795 ?led Dec. 2, 2003 Which claims priority 
from provisional application No. 60/431,636 ?led on Dec. 6, 
2002. This application is also a continuation-in-part of 
patent application With Ser. No. 10/980,119 ?led Nov. 1, 
2004 Which is a continuation of US. Pat. No. 6,817,974, 
issued on Nov. 16, 2004 Which claims priority from provi 
sional application No. 60/301,967 ?led on Jun. 29, 2001 and 
provisional application No. 60/327,702, ?led on Oct. 5, 
2001. This application is related to the following patents and 
patent applications, the full disclosures of Which are incor 
porated herein by reference: 

[0002] US. Pat. No. 6,699,235, entitled “Platform Link 
Wrist Mechanism”, issued on Mar. 2, 2004; 

[0003] US. Pat. No. 6,786,896, entitled “Robotic Appa 
ratus”, issued on Sep. 7, 2004; 

[0004] US. Pat. No. 6,331,181, entitled “Surgical Robotic 
Tools, Data Architecture, and Use”, issued on Dec. 18, 2001; 

[0005] US. Pat. No. 6,799,065, entitled “Image Shifting 
Apparatus and Method for a Telerobotic SystemA”, issued 
on Sep. 28, 2004; 

[0006] US. Pat. No. 6,720,988, entitled “Stereo Imaging 
System and Method for Use in Telerobotic System”, issued 
on Apr. 13, 2004; 

[0007] US. Pat. No. 6,714,839, entitled “Master Having 
Redundant Degrees of Freedom”, issued on Mar. 30, 2004; 

[0008] US. Pat. No. 6,659,939, entitled “Cooperative 
Minimally Invasive Telesurgery System”, issued on Dec. 9, 
2003; 
[0009] US. Pat. No. 6,424,885, entitled “Camera Refer 
enced Control in a Minimally Invasive Surgical Apparatus”, 
issued on Jul. 23, 2002; 

[0010] US. Pat. No. 6,394,998, entitled “Surgical Tools 
for Use in Minimally Invasive Telesurgical Applications”, 
issued on May 28, 2002; and 

[0011] US. Pat. No. 5,808,665, entitled “Endoscopic Sur 
gical Instrument and Method for Use”, issued on Sep. 15, 
1998; and 

[0012] US. Pat. No. 6,522,906, entitled “Devices and 
Methods for Presenting and Regulating Auxiliary Informa 
tion on An Image Display of a Telesurgical System to Assist 
an Operator in Performing a Surgical Procedure”, issued on 
Feb. 18, 2003. 

[0013] US Pat. No. 6,364,888 entitled “Alignment of 
Master and Slave in a Minimally Invasive Surgical Appa 
ratus”, issued on Apr. 2, 2002. 

BACKGROUND OF THE INVENTION 

[0014] The present invention relates generally to endo 
scopes and, more particularly, to steerable/articulate and 
sWappable endoscopes for performing robotic surgery. 
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[0015] Advances in minimally invasive surgical technol 
ogy could dramatically increase the number of surgeries 
performed in a minimally invasive manner. Minimally inva 
sive medical techniques are aimed at reducing the amount of 
extraneous tissue that is damaged during diagnostic or 
surgical procedures, thereby reducing patient recovery time, 
discomfort, and deleterious side effects. The average length 
of a hospital stay for a standard surgery may also be 
shortened signi?cantly using minimally invasive surgical 
techniques. Thus, an increased adoption of minimally inva 
sive techniques could save millions of hospital days, and 
millions of dollars annually in hospital residency costs 
alone. Patient recovery times, patient discomfort, surgical 
side effects, and time aWay from Work may also be reduced 
With minimally invasive surgery. 

[0016] The most common form of minimally invasive 
surgery may be endoscopy. Probably the most common form 
of endoscopy is laparoscopy, Which is minimally invasive 
inspection and surgery inside the abdominal cavity. In 
standard laparoscopic surgery, a patient’s abdomen is insuf 
?ated With gas, and cannula sleeves are passed through small 
(approximately 1/2 inch) incisions to provide entry ports for 
laparoscopic surgical instruments. The laparoscopic surgical 
instruments generally include a laparoscope (for vieWing the 
surgical ?eld) and Working tools. The Working tools are 
similar to those used in conventional (open) surgery, except 
that the Working end or end effector of each tool is separated 
from its handle by an extension tube. As used herein, the 
term “end effector” means the actual Working part of the 
surgical instrument and can include clamps, graspers, scis 
sors, staplers, and needle holders, for example. To perform 
surgical procedures, the surgeon passes these Working tools 
or instruments through the cannula sleeves to an internal 
surgical site and manipulates them from outside the abdo 
men. The surgeon monitors the procedure by means of a 
monitor that displays an image of the surgical site taken 
from the laparoscope. Similar endoscopic techniques are 
employed in, e.g., arthroscopy, retroperitoneoscopy, pelvis 
copy, nephroscopy, cystoscopy, cistemoscopy, sinoscopy, 
hysteroscopy, urethroscopy and the like. 

[0017] There are many disadvantages relating to current 
minimally invasive surgical (MIS) technology. For example, 
existing MIS instruments deny the surgeon the ?exibility of 
tool placement found in open surgery. Most current laparo 
scopic tools have rigid shafts, so that it can be dif?cult to 
approach the Worksite through the small incision. Addition 
ally, the length and construction of many endoscopic instru 
ments reduces the surgeon’s ability to feel forces exerted by 
tissues and organs on the end effector of the associated tool. 
The lack of dexterity and sensitivity of endoscopic tools is 
a major impediment to the expansion of minimally invasive 
surgery. 

[0018] Minimally invasive telesurgical robotic systems 
are being developed to increase a surgeon’s dexterity When 
Working Within an internal surgical site, as Well as to alloW 
a surgeon to operate on a patient from a remote location. In 
a telesurgery system, the surgeon is often provided With an 
image of the surgical site at a computer Workstation. While 
vieWing a three-dimensional image of the surgical site on a 
suitable vieWer or display, the surgeon performs the surgical 
procedures on the patient by manipulating master input or 
control devices of the Workstation. The master controls the 
motion of a servomechanically operated surgical instrument. 
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During the surgical procedure, the telesurgical system can 
provide mechanical actuation and control of a variety of 
surgical instruments or tools having end effectors such as, 
e.g., tissue graspers, needle drivers, or the like, that perform 
various functions for the surgeon, e.g., holding or driving a 
needle, grasping a blood vessel, or dissecting tissue, or the 
like, in response to manipulation of the master control 
devices. 

[0019] While minimally invasive surgical robotic systems 
such as the da Vmci® from Intuitive Surgical Inc. of 
Sunnyvale, Calif. can provide surgeons With much more 
articulation and much improved quality 2D and 3D video 
images during surgeries than conventional laparoscopy, cur 
rently such surgical robotic systems may be more limited in 
terms of ?exibility in certain functions. In particular, due to 
their siZe and Weight, a surgical robot architecture With a 
“dedicated” robot arm is required to hold the endoscope and 
its camera heard such as that described in US. Pat. No. 
6,451,027. As a result, surgeons cannot exchange the endo 
scope betWeen ports as typically occurred in conventional 
laparoscopy. Moreover, the siZe and Weight of the endoscope 
causes di?iculty in dismounting and manually maneuvering 
the endoscope especially to see di?icult-to-reach or hidden 
areas. This loss of ?exibility means that While minimally 
invasive surgical robotic systems excel in di?icult recon 
structive surgeries in con?ned areas such as the heart and 
pelvis, they become less applicable for procedures involving 
access to large anatomical areas (e.g., multiple quadrants of 
the abdomen) and/or access from different directions. 

[0020] Furthermore, current robotic endoscopes are rigid, 
pointing either straight ahead (i.e., Zero (0) degree angle) or 
at a thirty (30) degree angle from the long axis of the 
endoscope Which alloWs the surgeon to more easily look 
doWn or up. Consequently, during many surgical procedures, 
the surgeon may require to sWitch back and forth numerous 
times betWeen a straight ahead scope and a thirty-degree 
scope to obtain different perspectives inside the surgical site. 
Such scope sWitching increases the surgical procedure’s 
duration, operational and logistic complexity, and even 
safety concerns. HoWever, even With scope sWitching, the 
surgeon is still limited to only a feW visual perspectives and 
therefore a smaller area of visibility. Additionally, the sur 
geon may yet be prevented from getting a desired vieW of 
the body tissues that are hidden around obstacles (e.g., 
during gynecological procedures) or betWeen tissue that 
requires some tunneling (e.g., during atrial ?brillation or 
endoluminal diagnosis and treatment). 
[0021] Thus, a need exists for a surgical robotic endoscope 
system and method that alloWs for simpli?cation of future 
surgical robot architectures, provides more ?exible port 
placement, provides a greater area of visibility, provide 
multiple visual perspectives Without added operational and 
logistic complexity or safety concerns, and provides the 
most desirable vieW of hidden body tissues. 

BRIEF SUMMARY OF THE INVENTION 

[0022] Accordingly, the present invention provides an 
articulate and sWappable surgical robotic endoscope system 
and method that alloWs for simpli?cation of future surgical 
robot architectures, provides more ?exible port placement, 
provides a greater area of visibility, provide multiple visual 
perspectives Without added operational and logistic com 
plexity or safety concerns, and provides the most desirable 
vieW of hidden body tissues. 
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[0023] The present invention meets the above need With a 
minimally invasive articulate surgical endoscope compris 
ing an elongate shaft, a ?exible Wrist, an endoscopic camera 
lens, and a plurality of actuaction links. The elongate shaft 
has a Working end, a proximal end, and a shaft axis betWeen 
the Working end and the proximal end. The ?exible Wrist has 
a distal end and a proximal end. The proximal end of the 
Wrist is connected to the Working end of the elongate shaft. 
The endoscopic camera lens is installed at the distal end of 
the Wrist. The plurality of actuation links are connected 
betWeen the Wri st and the proximal end of the elongate shaft 
such that the links are actuatable to provide the Wrist With at 
least one degree of freedom (e.g., both Wrist pitching and 
yaWing motions) Wherein a reference frame used for con 
trolling the at least one degree of freedom motion is attached 
to the ?exible Wrist for Wrist motion associated With the at 
least one degree of freedom to provide more intuitiveness to 
the user during the at least one degree of freedom motion. 
Conversely, the reference frame used for controlling other 
degrees of freedom (e.g., Cartesian space insertion/extrac 
tion motion and shaft rotation) associated With the endo 
scope is attached to the object. The minimally invasive 
articulate surgical endoscope is releaseably coupled to any 
of the plurality of arms and is designed to be sWapped 
betWeen the plurality of arms such that one standard arm 
design is used for the surgical robotic system. 

[0024] When the articulate surgical endoscope is used to 
acquire an image (e.g., an orbital image) of an anatomy in 
association With the at least one degree of freedom, the 
reference frame for such image is one that rotates around a 
point of rotation located proximal to the ?exible Wrist to 
minimiZe undesirable motion at the proximal end of the 
endoscope. Such undesirable motion is further attenuated 
When the reference frame used for controlling the at least 
one degree of freedom is attached to the ?exible Wrist. 

[0025] All the features and advantages of the present 
invention Will become apparent from the folloWing detailed 
description of its preferred embodiments Whose description 
should be taken in conjunction With the accompanying 
draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a perspective of a surgical tool according 
to an embodiment of the invention. 

[0027] FIG. 2 is a cross-sectional vieW of a Wrist accord 
ing to an embodiment of the present invention. 

[0028] FIG. 3 is cross-sectional vieW of the Wrist of FIG. 
2 along II-III. 

[0029] FIG. 4 is a perspective vieW of a Wrist according 
to another embodiment of the invention. 

[0030] FIGS. 4A and 4B are, respectively, a plan vieW 
and an elevation vieW of a distal portion of an example of a 
Wrist similar to that of FIG. 4, shoWing details of the cable 
arrangement. 

[0031] FIG. 5 is a perspective vieW of a Wrist according 
to another embodiment of the invention. 

[0032] FIG. 6 is a plan vieW of a Wrist according to 
another embodiment of the invention; 

[0033] FIG. 7 is a cross-sectional vieW of a Wrist accord 
ing to another embodiment of the invention. 
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[0034] FIG. 8 is a plan vieW of a Wrist according to 
another embodiment of the invention. 

[0035] FIG. 9 is an elevational vieW of the Wrist of FIG. 
8 With a tool shaft and a gimbal plate. 

[0036] FIG. 10 is a plan vieW of a Wrist according to 
another embodiment of the invention; 

[0037] FIG. 11 is an elevational vieW of the Wrist of FIG. 
10. 

[0038] FIG. 12 is an elevational vieW of a Wrist according 
to another embodiment of the invention. 

[0039] FIG. 13 is a plan vieW of a Wrist according to 
another embodiment of the invention. 

[0040] FIG. 14 is a cross-sectional vieW of a portion of a 
Wrist according to another embodiment of the invention. 

[0041] FIG. 15 is a partial sectional vieW of the Wrist of 
FIG. 14 in bending. 

[0042] FIG. 16 is a perspective vieW of a Wrist according 
to another embodiment of the invention. 

[0043] FIG. 17 is a plan vieW of the Wrist of FIG. 16. 

[0044] FIG. 18 is a cross-sectional vieW of a portion of a 
Wrist according to another embodiment of the invention. 

[0045] FIG. 19 is a perspective vieW of a Wrist according 
to another embodiment of the invention. 

[0046] FIG. 20 is a plan vieW of a Wrist according to 
another embodiment of the invention. 

[0047] FIG. 21 is a perspective vieW of a Wrist according 
to another embodiment of the invention. 

[0048] FIG. 22 is a cross-sectional vieW of a portion of a 
Wrist according to another embodiment of the invention. 

[0049] FIGS. 23 and 24 are plan vieWs of the disks in the 
Wrist of FIG. 22. 

[0050] FIG. 25 is a perspective vieW of an outer piece for 
the Wrist of FIG. 22. 

[0051] FIG. 26 is a cross-sectional vieW of the outer piece 
of FIG. 25. 

[0052] FIG. 27 is a perspective vieW of a Wrist according 
to another embodiment of the invention. 

[0053] FIG. 28 is an cross-sectional vieW of a Wrist cover 
according to an embodiment of the invention. 

[0054] FIG. 29 is an cross-sectional vieW of a Wrist cover 
according to another embodiment of the invention. 

[0055] FIG. 30 is a perspective vieW of a portion of a Wrist 
cover according to another embodiment of the invention. 

[0056] FIG. 31 illustrates an embodiment of an articulate 
endoscope used in robotic minimally invasive surgery in 
accordance With the present invention. 

[0057] FIG. 32 illustrates catheter 321 releasably coupled 
to endoscope 310 by a series of releasably clips 320. 

[0058] FIG. 33 illustrates catheter guide 331 releasably 
coupled to endoscope 310 by a series of releasably clips 320. 
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[0059] FIG. 34 is a video block diagram illustrating an 
embodiment of the video connections in accordance to the 
present invention. 

[0060] FIG. 35 illustrates an embodiment of an articulate 
endoscope used in robotic minimally invasive surgery in 
accordance With the present invention. 

[0061] FIG. 36 is a simplistic exemplary illustration of 
intuitive versus counter-intuitive relative to different frames 
of reference for a robotic minimally invasive endoscope. 

[0062] FIG. 37 illustrates the different potential points of 
rotation for endoscope 310" in accordance to the present 
invention 

[0063] FIG. 38 illustrates the tWo master input devices 
virtually combined to operate in a similar fashion to a 
bicycle handle bar 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0064] As used herein, “end effector” refers to an actual 
Working distal part that is manipulable by means of the Wrist 
member for a medical function, e.g., for effecting a prede 
termined treatment of a target tissue. For instance, some end 
e?‘ectors have a single Working member such as a scalpel, a 
blade, or an electrode. Other end e?‘ectors have a pair or 
plurality of Working members such as forceps, graspers, 
scissors, or clip appliers, for example. In certain embodi 
ments, the disks or vertebrae are con?gured to have open 
ings Which collectively de?ne a longitudinal lumen or space 
along the Wrist, providing a conduit for any one of a number 
of alternative elements or instrumentalities associated With 
the operation of an end effector. Examples include conduc 
tors for electrically activated end e?‘ectors (e.g., electrosur 
gical electrodes; transducers, sensors, and the like); conduits 
for ?uids, gases or solids (e.g., for suction, insu?lation, 
irrigation, treatment ?uids, accessory introduction, biopsy 
extraction and the like); mechanical elements for actuating 
moving end effector members (e.g., cables, ?exible elements 
or articulated elements for operating grips, forceps, scis 
sors); Wave guides; sonic conduction elements; ?beroptic 
elements; and the like. Such a longitudinal conduit may be 
provided With a liner, insulator or guide element such as a 
elastic polymer tube; spiral Wire Wound tube or the like. 

[0065] As used herein, the terms “surgical instrument”, 
“instrument”, “surgical tool”, or “tool” refer to a member 
having a Working end Which carries one or more end 
e?‘ectors to be introduced into a surgical site in a cavity of 
a patient, and is actuatable from outside the cavity to 
manipulate the end e?“ector(s) for effecting a desired treat 
ment or medical function of a target tissue in the surgical 
site. The instrument or tool typically includes a shaft car 
rying the end e?“ector(s) at a distal end, and is preferably 
servomechanically actuated by a telesurgical system for 
performing functions such as holding or driving a needle, 
grasping a blood vessel, and dissecting tissue. 

[0066] The various embodiments of the ?exible Wrist 
described herein are intended to be relatively inexpensive to 
manufacture and be capable of use for cautery, although they 
are not limited to use for cautery. For MIS applications, the 
diameter of the insertable portion of the tool is small, 
typically about 12 mm or less, and preferably about 5 mm 
or less, so as to permit small incisions. It should be under 
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stood that While the examples described in detail illustrate 
this siZe range, the embodiments may be scaled to include 
larger or smaller instruments. 

[0067] Some of the Wrist embodiments employ a series of 
disks or similar elements that move in a snake-like manner 

When bent in pitch and yaW (e.g., FIGS. 14 and 22). The 
disks are annular disks and may have circular inner and outer 
diameters. Typically, those Wrists each include a series of 
disks, for example, about thirteen disks, Which may be about 
0.005 inch to about 0.030 inch thick, etched stainless steel 
disks. Thinner disks maybe used in the middle, While thicker 
disks are desirable for the end regions for additional strength 
to absorb cable forces such as those that are applied at the 
cable U-tums around the end disk. The end disk may include 
a counter bore (e.g., about 0.015 inch deep) into Which the 
center spring ?ts to transfer the load from the cables into 
compression of the center spring. The disks may be threaded 
onto an inner spring, Which acts as a lumen for pulling cables 
for an end effector such as a gripper, a cautery connection, 
or a tether to hold a tip thereon. The inner spring also 
provides axial stiffness, so that the gripper or tether forces do 
not distort the Wrist. In some embodiments, the disks include 
a pair of oppositely disposed inner tabs or tongues Which are 
captured by the inner spring. The inner spring is at solid 
height (the Wires of successive helix pitches lie in contact 
With one another When the spring is unde?ected), except at 
places Where the tabs of the disks are inserted to create gaps 
in the spring. The disks alternate in direction of the tabs to 
alloW for alternating pitch and yaW rotation. A typical inner 
spring is made With a 0.01 inch diameter Wire, and adjacent 
disks are spaced from one another by four spring coils. If the 
spring is made of edge Wound ?at Wire (like a slinky), high 
axial force can be applied by the cables Without causing 
neighboring coils to hop over each other. 

[0068] In some embodiments, each disk has tWelve evenly 
spaced holes for receiving actuation cables. Three cables are 
su?icient to bend the Wrist in any desired direction, the 
tensions on the individual cables being coordinated to pro 
duce the desired bending motion. Due to the small Wrist 
diameter and the moments exerted on the Wrist by surgical 
forces, the stress in the three cables Will be quite large. More 
than three cables are typically used to reduce the stress in 
each cable (including additional cables Which are redundant 
for purposes of control). In some examples illustrated beloW, 
tWelve or more cables are used (see discussion of FIG. 4 
beloW). To drive the cables, a gimbal plate or rocking plate 
may be used. The gimbal plate utiliZes tWo standard inputs 
to manipulate the cables to bend the Wrist at arbitrary angles 
relative to the pitch and yaW axes. 

[0069] Some Wrists are formed from a tubular member 
that is suf?ciently ?exible to bend in pitch and yaW (e.g., 
FIGS. 2 and 4). An inner spring may be included. The 
tubular member may include cut-outs to reduce the struc 
tural stiffness to facilitate bending (e.g., FIGS. 5 and 19). 
One Way to make the Wrist is to insert Wire and hypotube 
mandrels in the center hole and the actuation Wire holes. A 
mold can be made, and the assembly can be overmolded 
With a tWo-part platinum cure silicone rubber cured in the 
oven (e.g., at about 165° C.). The mandrels are pulled out 
after molding to create channels to form the center lumen 
and peripheral lumens for the pulling cables. In this Way, the 
Wrist has no exposed metal parts. The rubber can Withstand 
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autoclave and can Withstand the elongation during Wrist 
bending, Which is typically about 30% strain. 

[0070] In speci?c embodiments, the tubular member 
includes a plurality of axial sliding members each having a 
lumen for receiving an actuation cable (e.g., FIG. 8). The 
tubular member may be formed by a plurality of axial 
springs having coils Which overlap With the coils of adjacent 
springs to provide lumens for receiving the actuation cables 
(e.g., FIG. 10). The tubular member may be formed by a 
stack of Wave springs (e.g., FIG. 12). The lumens in the 
tubular member may be formed by interiors of axial springs 
(e.g., FIG. 16). The exterior of the tubular member may be 
braided to provide torsional stiffness (e.g., FIG. 27). 

[0071] A. Wrist Having Wires Supported by Wire Wrap 

[0072] FIG. 1 shoWs a Wrist 10 connected betWeen a distal 
end effector 12 and a proximal tool shaft or main tube 14 for 
a surgical tool. The end effector 12 shoWn includes grips 16 
mounted on a distal clevis 18, as best seen in FIG. 2. The 
distal clevis 18 includes side access slots 20 that house distal 
crimps 22 of a plurality of Wires or cables 24 that connect 
proximally to hypotubes 26, Which extend through a plat 
form or guide 30 and the interior of the tool shaft 14. The 
guide 30 orients the hypotubes 26 and Wire assembly, and is 
attached the tool shaft 14 of the instrument. The guide 30 
also initiates the rolling motion of the Wrist 10 as the tool 
shaft 14 is moved in roll. The side access slots 20 conve 
niently alloW the crimps 22 to be pressed into place. Of 
course, other Ways of attaching the Wires 24 to the distal 
clevis 18, such as laser Welding, may be employed in other 
embodiments. 

[0073] FIGS. 2 and 3 shoW four Wires 24, but a different 
number of Wires may be used in another embodiment. The 
Wires 24 may be made of nitinol or other suitable materials. 
The Wires 24 create the joint of the Wrist 10, and are rigidly 
attached betWeen the distal clevis 18 and the hypotubes 26. 
A Wire Wrap 34 is Wrapped around the Wires 24 similar to a 
coil spring and extends betWeen the distal clevis 18 and the 
hypotubes 26. The shrink tube 36 covers the Wire Wrap 34 
and portions of the distal clevis 18 and the guide 30. The 
Wire Wrap 34 and shrink tube 36 keep the Wires 24 at ?xed 
distances from each other When the hypotubes 26 are pushed 
and pulled to cause the Wrist 10 to move in pitch and yaW. 
They also provide torsional and general stiffness to the Wrist 
10 to alloW it to move in roll With the tool shaft 14 and to 
resist external forces. The Wire Wrap and shrink tube can be 
con?gured in different Ways in other embodiments (one 
preferred embodiment is shoWn in FIG. 27 and described in 
Section I beloW). For example, they can be converted into a 
?ve-lumen extrusion With the Wires 24 as an internal part. 
The function of the Wire Wrap or an equivalent structure is 
to keep the Wires 24 at a constant distance from the center 
line as the Wrist 10 moves in roll, pitch, and/or yaW. The 
shrink tube can also provide electrical isolation. 

[0074] B. Wrist Having Flexible Tube Bent by Actuation 
Cables 

[0075] FIG. 4 shoWs a Wrist 40 that includes a tube 42 
having holes or lumens 43 distributed around the circum 
ference to receive actuation cables or Wires 44, Which may 
be made of nitinol. The tube 42 is ?exible to permit bending 
in pitch and yaW by pulling the cables 44. The Wrist 40 
preferably includes a rigid distal termination disk 41 (as 






















