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(57) ABSTRACT 

A method of performing a surgical procedure on a patient is 
provided. The method typically comprises positioning a 

surgical Work station of a robotically controlled surgical 
system and a patient on Which a surgical procedure is to be 
performed in close proximity relative to each other, directing 
a ?eld of vieW of an image capture device of the surgical 
Work station at a surgical site on the patient, at Which site the 
surgical procedure is to be performed, and introducing at 
least one robotically controlled surgical instrument on the 
surgical Work station to the surgical site so that an end 
effector of the surgical instrument is Within the ?eld of vieW 
of the image capture device. The method typically further 
comprises displaying an image of the surgical site and the 
end effector on a display area of an image display at an 

operator control station of the surgical system. The image 
display is typically operatively connected to the image 
capture device so as to display, on the display area, the 
image of the surgical site and the end effector captured by 
the image capture device. The method can further include 
permitting an operator of the surgical system to manipulate 
a master control at the operator control station Whilst vieW 
ing the image of the surgical site on the image display, the 
master control being operatively associated With the surgical 
instrument thereby to cause the end effector to move in 

response to manipulation of the master control so as to 

perform at least part of the surgical procedure on the patient 
at the surgical site. The method yet further typically com 
prises operatively linking the image display to a source of 
selectively accessible auxiliary information related to the 
surgical procedure to be performed, enabling the operator 
selectively to access the source of auxiliary information 
from the operator control station so as to forWard the 
auxiliary information to the image display, causing the 
auxiliary information to be displayed across the display area 
of the image display in response to the operator selectively 
accessing the source of auxiliary information at the operator 
control station and enabling the operator selectively to move 
the auxiliary information When displayed on the image 
display relative to the image of the surgical site displayed on 
the image display. The master control is typically opera 
tively linked With the source of auxiliary information, 
enabling the operator selectively to access the source of 
auxiliary information then including permitting the operator 
selectively to disassociate the master control from the sur 
gical instrument and to use the master control to access the 

source of auxiliary information so as to enable the auxiliary 
information to be displayed on the display area of the image 
display. 
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DEVICES AND METHODS FOR PRESENTING 
AND REGULATING AUXILIARY INFORMATION 
ON AN IMAGE DISPLAY OF A TELESURGICAL 

SYSTEM TO ASSIST AN OPERATOR IN 
PERFORMING A SURGICAL PROCEDURE 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of co 
pending US. patent application Ser. No. , entitled 
“Image Shifting Apparatus and Method for a Telerobotic 
System,” ?led Dec. 7, 1999 (Attorney Docket No. 17516 
002710), the full disclosure of Which is incorporated herein 
by reference. This application is also related to the following 
patents and patent applications, the full disclosures of Which 
are incorporated herein by reference: PCT International 
Application No. PCT/U S98/ 19508, entitled “Robotic Appa 
ratus,” ?led on Sep. 18, 1998; US. patent application Ser. 
No. 09/418,726, entitled “Surgical Robotic Tools, Data 
Architecture, and Use,” ?led on Oct. 15, 1999; US. patent 
application Ser. No. 09/378,173, entitled “Stereo Imaging 
System for Use in Telerobotic Systems,” ?led on Aug. 20, 
1999; US. patent application Ser. No. 09/398,507, entitled 
“Master Having Redundant Degrees of Freedom,” ?led Sep. 
17, 1999; US. patent application Ser. No. 09/288,068, 
entitled “Aspects of a Control System of a Minimally 
Invasive Surgical Apparatus,” ?led Apr. 7, 1999; US. patent 
application Ser. No. 09/373,678, entitled “Camera Refer 
enced Control in a Minimally Invasive Surgical Apparatus,” 
?ledAug. 13, 1999; US. patent application Ser. No. 09/398, 
960, entitled “Repositioning and Orientation of Master/ 
Slave Relationship in Minimally Invasive Telesurgery,” ?led 
Sep. 17, 1999; and US. Pat. No. 5,808,665, entitled “Endo 
scopic Surgical Instrument and Method for Use,” issued on 
Sep. 15, 1998. 

BACKGROUND OF THE INVENTION 

[0002] The present invention is generally related to 
improved robotic devices, systems and methods, for use in 
telerobotic surgery. 

[0003] Minimally invasive medical techniques are aimed 
at reducing the amount of extraneous tissue Which may be 
damaged during diagnostic or surgical procedures, thereby 
reducing patient recovery time, discomfort, and deleterious 
side effects. Many surgeries are performed each year in the 
United States. A signi?cant amount of these surgeries can 
potentially be performed in a minimally invasive manner. 
HoWever, only a relatively small percentage of surgeries 
currently use minimally invasive techniques due to limita 
tions of minimally invasive surgical instruments and tech 
niques currently used and the di?iculty experienced in 
performing surgeries using such traditional instruments and 
techniques. 
[0004] Advances in minimally invasive surgical technol 
ogy could dramatically increase the number of surgeries 
performed in a minimally invasive manner. The average 
length of a hospital stay for a standard surgery is signi? 
cantly longer than the average length for the equivalent 
surgery performed in a minimally invasive surgical manner. 
Thus, expansion in the use of minimally invasive techniques 
could save millions of hospital days, and consequently 
millions of dollars annually, in hospital residency costs 
alone. Patient recovery times, patient discomfort, surgical 
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side effects, and time aWay from Work can also be reduced 
by expanding the use of minimally invasive surgery. 

[0005] Traditional forms of minimally invasive surgery 
include endoscopy. One of the more common forms of 
endoscopy is laparoscopy, Which is minimally invasive 
inspection or surgery Within the abdominal cavity. In tradi 
tional laparoscopic surgery a patient’s abdominal cavity is 
insuf?ated With gas and cannula sleeves are passed through 
small (approximately 1/2 inch) incisions in the musculature of 
the patient’s abdomen to provide entry ports through Which 
laparoscopic surgical instruments can be passed in a sealed 
fashion. 

[0006] The laparoscopic surgical instruments generally 
include a laparoscope for vieWing the surgical ?eld and 
Working tools de?ning end e?fectors. Typical surgical end 
e?fectors include clamps, graspers, scissors, staplers, and 
needle holders, for example. 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 approximately 12-inch long extension tube, 
for example, so as to permit the surgeon to introduce the end 
effector to the surgical site and to control movement of the 
end effector relative to the surgical site from outside a 
patient’s body. 

[0007] To perform surgical procedures, the surgeon typi 
cally passes these Working tools or instruments through the 
cannula sleeves to the internal surgical site and manipulates 
the instruments or tools from outside the abdomen by sliding 
them in and out through the cannula sleeves, rotating them 
in the cannula sleeves, levering (i.e., pivoting) the instru 
ments against the abdominal Wall and actuating the end 
e?fectors on the distal ends of the instruments from outside 
the abdominal cavity. The instruments normally pivot 
around centers de?ned by the incisions Which extend 
through the muscles of the abdominal Wall. The surgeon 
typically monitors the procedure by means of a television 
monitor Which displays an image of the surgical site via the 
laparoscopic camera. Typically, the laparoscopic camera is 
also introduced through the abdominal Wall so as to capture 
an image of the surgical site. Similar endoscopic techniques 
are employed in, e.g., arthroscopy, retroperitoneoscopy, pel 
viscopy, nephroscopy, cystoscopy, cistemoscopy, sinoscopy, 
hysteroscopy, urethroscopy, and the like. 

[0008] There are many disadvantages relating to such 
traditional minimally invasive surgical (MIS) techniques. 
For example, existing MIS instruments deny the surgeon the 
?exibility of tool placement found in open surgery. Dif? 
culty is experienced in approaching the surgical site With the 
instruments through the small incisions. The length and 
construction of many endoscopic instruments reduces the 
surgeon’s ability to feel forces exerted by tissues and organs 
on the end effector of the associated instrument. Further 
more, coordination of the movement of the end effector of 
the instrument as vieWed in the image on the television 
monitor With actual end effector movement is particularly 
dif?cult, since the movement as perceived in the image 
normally does not correspond intuitively With the actual end 
effector movement. Accordingly, lack of intuitive response 
to surgical instrument movement input is often experienced. 
Such a lack of intuitiveness, dexterity and sensitivity of 
endoscopic tools has been found to be an impediment to the 
expansion of the use of minimally invasive surgery. 
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[0009] Minimally invasive telesurgical systems for use in 
surgery have been and are still being developed to increase 
a surgeon’s dexterity as Well as to permit a surgeon to 
operate on a patient in an intuitive manner. Telesurgery is a 
general term for surgical systems Where the surgeon uses 
some form of remote control, e. g., a servomechanism, or the 
like, to manipulate surgical instrument movements, rather 
than directly holding and moving the tools by hand. In such 
a telesurgery system, the surgeon is typically provided With 
an image of the surgical site on a visual display at a location 
remote from the patient. The surgeon can typically perform 
the surgical procedure at the location remote from the patient 
Whilst vieWing the end effector movement during the sur 
gical procedure on the visual display. While vieWing typi 
cally a three-dimensional image of the surgical site on the 
visual display, the surgeon performs the surgical procedures 
on the patient by manipulating master control devices at the 
remote location, Which master control devices control 
motion of the remotely controlled instruments. 

[0010] Typically, such a telesurgery system can be pro 
vided With at least tWo master control devices (one for each 
of the surgeon’s hands), Which are normally operatively 
associated With tWo robotic arms on each of Which a surgical 
instrument is mounted. Operative communication betWeen 
master control devices and associated robotic arm and 
instrument assemblies is typically achieved through a con 
trol system. The control system typically includes at least 
one processor Which relays input commands from the master 
control devices to the associated robotic arm and instrument 
assemblies and from the arm and instrument assemblies to 
the associated master control devices in the case of, e.g., 
force feedback, or the like. 

[0011] One object of the present invention is to provide 
improved telesurgery systems, devices and methods for use 
in surgery. Another object of the invention is to provide a 
telesurgical system and method Whereby auxiliary informa 
tion related to a surgical procedure to be performed by the 
telesurgical system can be selectively displayed on a vieWer 
of the system, together With an image of the surgical site 
captured by an image capture device, such as an endoscope, 
of the system, so as to enable an operator of the system 
selectively to reference such auxiliary information on the 
vieWer during the performance of the surgical procedure. In 
this manner the surgical procedure can typically be per 
formed With greater con?dence, safety, ef?cacy and in some 
cases greater accuracy. 

SUMMARY OF THE INVENTION 

[0012] According to one aspect of the invention, there is 
provided a method of performing a surgical procedure on a 
patient. The method typically comprises positioning a sur 
gical Work station of a robotically controlled surgical system 
and a patient on Which a surgical procedure is to be 
performed in close proximity relative to each other, directing 
a ?eld of vieW of an image capture device of the surgical 
Work station at a surgical site on the patient, at Which site the 
surgical procedure is to be performed, and introducing at 
least one robotically controlled surgical instrument on the 
surgical Work station to the surgical site so that an end 
effector of the surgical instrument is Within the ?eld of vieW 
of the image capture device. 

[0013] The method typically further comprises displaying 
an image of the surgical site and the end effector on a display 
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area of an image display at an operator control station of the 
surgical system. The image display is typically operatively 
connected to the image capture device so as to display, on 
the display area, the image of the surgical site and the end 
effector captured by the image capture device. The method 
can further include permitting an operator of the surgical 
system to manipulate a master control at the operator control 
station Whilst vieWing the image of the surgical site on the 
image display, the master control being operatively associ 
ated With the surgical instrument thereby to cause the end 
effector to move in response to manipulation of the master 
control so as to perform at least part of the surgical proce 
dure on the patient at the surgical site. 

[0014] The method yet further typically comprises opera 
tively linking the image display to a source of selectively 
accessible auxiliary information related to the surgical pro 
cedure to be performed, enabling the operator selectively to 
access the source of auxiliary information from the operator 
control station so as to forWard the auxiliary information to 
the image display, causing the auxiliary information to be 
displayed across the display area of the image display in 
response to the operator selectively accessing the source of 
auxiliary information at the operator control station and 
enabling the operator selectively to move the auxiliary 
information When displayed on the image display relative to 
the image of the surgical site displayed on the image display. 

[0015] The master control is typically operatively linked 
With the source of auxiliary information, enabling the opera 
tor selectively to access the source of auxiliary information 
then including permitting the operator selectively to disas 
sociate the master control from the surgical instrument and 
to use the master control to access the source of auxiliary 
information so as to enable the auxiliary information to be 
displayed on the display area of the image display. 

[0016] According to another aspect of the invention, there 
is provided a method of performing a surgical procedure on 
a patient, the method comprising manipulating a master 
control Whilst vieWing a real time image of a surgical site on 
an image display, moving an end effector in response to 
manipulation of the master control so as to perform at least 
part of a surgical procedure at the surgical site and selec 
tively accessing a source of auxiliary information by means 
of the master control. The method typically further com 
prises displaying the auxiliary information on the image 
display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The invention Will noW be described, by Way of 
example only, and With reference to the accompanying 
diagrammatic draWings, in Which: 

[0018] FIG. 1 shoWs a three-dimensional vieW of an 
operator control station, or surgeon’s console, and a surgical 
Work station, or cart, of a telesurgical system in accordance 
With the invention, the cart carrying three robotically con 
trolled arms, the movement of the arms being remotely 
controllable from the control station; 

[0019] FIG. 2 shoWs, at an enlarged scale, a side vieW of 
a robotic arm and surgical instrument assembly of the 
surgical station shoWn in FIG. 1; 

[0020] FIG. 3 shoWs, at an enlarged scale, a three-dimen 
sional vieW of a typical surgical instrument of the system 
shoWn in FIG. 1; 
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[0021] FIG. 4 shows a schematic kinematic diagram cor 
responding to the side vieW of the robotic arm shoWn in FIG. 
2, and indicates the arm having been displaced from one 
position into another position; 

[0022] FIG. 5 shoWs, at an enlarged scale, a Wrist member 
and an end effector of the surgical instrument shoWn in FIG. 
3, the Wrist member and the end effector being movably 
mounted on a Working end of a shaft of the surgical 

instrument; 
[0023] FIG. 6 shoWs a three-dimensional vieW of one of 
the master control devices of the control station shoWn in 
FIG. 1, the master control device including a hand-held part, 
or Wrist gimbal, and an articulated arm portion on Which the 
hand-held part is mounted; 

[0024] FIG. 7 shoWs a schematic three-dimensional draW 
ing indicating the positions of the end effectors relative to a 
vieWing end of an endoscope on the surgical station and the 
corresponding positions of the master control devices rela 
tive to the eyes of an operator, typically a surgeon, at the 
control station; 

[0025] FIG. 8 shoWs a schematic three-dimensional draW 
ing indicating the position and orientation of an end effector 
relative to a camera Cartesian coordinate reference system at 
a vieWing end of the endoscope; 

[0026] FIG. 9 shoWs a schematic three-dimensional draW 
ing indicating the position and orientation of a pincher 
formation of one of the master control devices relative to an 
eye Cartesian coordinate reference system at a vieWer of the 
control station; 

[0027] FIG. 10 shoWs a block diagram indicating control 
steps of a control system of the surgical system, the control 
system being arranged to effect control betWeen master 
control device input and corresponding surgical instrument 
movement output; 

[0028] FIG. 11 shoWs a How diagram indicating control 
steps of a method, in accordance With the invention, 
Whereby an operator of the telesurgical system can selec 
tively access one or more sources of auxiliary information 
related to a surgical procedure to be performed by the 
telesurgical system, so as to display the information from the 
selected source or sources on an image display of the 
telesurgical system together With an image of the surgical 
site captured by an image capturing device, such as an 
endoscope, of the system; 

[0029] FIG. 12 shoWs a schematic vieW of an image of a 
surgical site displayed on the image display of the telesur 
gical system and further shoWs an image corresponding to 
auxiliary information from a selected source of auxiliary 
information displayed in a WindoW overlaid on the image of 
the surgical site; 

[0030] FIGS. 13A and B shoW schematic vieWs illustrat 
ing the adjustment in position and orientation of an image 
corresponding to auxiliary information from a selected 
source of auxiliary information, relative to an image of the 
surgical site from an image capturing device; 

[0031] FIG. 14 shoWs a schematic diagram of an image 
displayed at a vieWer of the system shoWn in FIG. 1, and 
further shoWs a probe gathering auxiliary information relat 
ing to a surgical procedure; 
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[0032] FIG. 15 shoWs a schematic side vieW of an image 
capturing device for capturing an image along a shaft of a 
surgical instrument of the system shoWn in FIG. 1, in 
accordance With the invention; 

[0033] FIGS. 16A and 16B shoW schematic draWings 
indicating a rotational movement of a displayed image and 
a line or bar displayed in the image to indicate orientational 
position of a scene in the displayed image relative to a World 
reference frame, and 

[0034] FIGS. 17A and 17B shoW schematic draWings 
indicating a rotational movement of a displayed image and 
opposed markers or indicators displayed in the image to 
indicate orientational position of a scene in the displayed 
image relative to a World reference frame. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0035] Referring to FIG. 1 of the draWings, a minimally 
invasive telesurgical system, or robotically controlled sur 
gical system, in accordance With the invention is generally 
indicated by reference numeral 10. The system 10 includes 
a control station, or surgeon’s console, generally indicated 
by reference numeral 12. The station 12 includes an image 
display or vieWer 14 Where an image of a surgical site is 
displayed in use. A support 16 is provided on Which an 
operator, typically a surgeon, can rest his or her forearms 
While gripping tWo master control devices, one of Which is 
shoWn in FIG. 6 of the drawings, one in each hand. The 
master controls are positioned in a space 18 inWardly 
beyond the support 16. When using the control station 12, 
the surgeon typically sits in a chair in front of the control 
station 12, positions his or her eyes in front of the vieWer 14 
and grips the master controls one in each hand While resting 
his or her forearms on the support 16. 

[0036] The system 10 further includes a surgical Work 
station, or cart, generally indicated by reference numeral 20. 
In use, the cart 20 is positioned in close proximity to a 
patient requiring surgery and is then normally caused to 
remain stationary until a surgical procedure to be performed 
by means of the system 10 has been completed. The cart 20 
typically has Wheels or castors to render it mobile. The 
station 12 is typically positioned remote from the cart 20 and 
can be separated from the cart 20 by a great distance, even 
miles aWay, but Will typically be used Within an operating 
room With the cart 20. 

[0037] The cart 20 typically carries at least three robotic 
arm assemblies. One of the robotic arm assemblies, indi 
cated by reference numeral 22, is arranged to hold an image 
capture device 24, e.g., an endoscope, or the like. Each of the 
other tWo arm assemblies 26, 26 respectively, is arranged to 
hold a robotically controlled surgical instrument 28. The 
endoscope 24 has an object vieWing end 24.1 at a remote end 
of an elongate shaft thereof. It Will be appreciated that the 
endoscope 24 has an elongate shaft to permit its vieWing end 
24.1 to be inserted through an entry port in a patient’s body 
so as to access an internal surgical site. The endoscope 24 is 
operatively connected to the vieWer 14 to display an image 
captured at its vieWing end 24.1 on a display area of the 
vieWer 14. Each robotic arm assembly 26, 26 is normally 
operatively connected to one of the master controls. Thus, 
the movement of the robotic arm assemblies 26, 26 is 
controlled by manipulation of the master controls. The 
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instruments 28 on the robotic arm assemblies 26, 26 have 
end effectors Which are mounted on Wrist members Which 
are pivotally mounted on distal ends of elongate shafts of the 
instruments 28. It Will be appreciated that the instruments 28 
have elongate shafts to permit the end effectors to be inserted 
through entry ports in a patient’s body so as to access the 
internal surgical site. Movement of the end e?fectors relative 
to the ends of the shafts of the instruments 28 is also 
controlled by the master controls. When a surgical procedure 
is to be performed, the cart 20 carrying the robotic arms 22, 
26, 26 is Wheeled to the patient and is normally maintained 
in a stationary position relative to, and in close proximity to, 
the patient, during the surgical procedure. 

[0038] In FIG. 2 of the draWings, one of the robotic arm 
assemblies 26 is shoWn in greater detail, and on an enlarged 
scale. Each assembly 26 typically has a surgical instrument, 
schematically and generally indicated by reference numeral 
28, releasably mounted thereon. FIG. 3 indicates the general 
appearance of a typical surgical instrument 28 in greater 
detail. 

[0039] Referring noW to FIG. 3 of the draWings, the 
surgical instrument 28 includes an elongate shaft 28.1. The 
Wrist-like mechanism, generally indicated by reference 
numeral 32, is located at a Working end of the shaft 28.1. A 
housing 34, arranged releasably to couple the instrument 28 
to the robotic arm 26, is located at an opposed end of the 
shaft 28.1. In FIG. 2, and When the instrument 28 is coupled 
or mounted on the robotic arm 26, the shaft 28.1 extends 
along an axis indicated at 28.2. The instrument 28 is 
typically releasably mounted on a carriage 36, Which can be 
driven to translate along a linear guide formation 38 of the 
arm 26 in the direction of arroWs P. 

[0040] The robotic arm 26 includes a cradle, generally 
indicated at 40, an upper arm portion 42, a forearm portion 
44 and the guide formation 38. The cradle 40 is pivotally 
mounted on a plate 46 in a gimbaled fashion to permit 
rocking movement of the cradle 40 about a pivot axis 48. 
The upper arm portion 42 includes link members 42.1, 42.2 
and the forearm portion 44 includes link members 44.1, 
44.2. The link members 42.1, 42.2 are pivotally mounted on 
the cradle 40 and are pivotally connected to the link mem 
bers 44.1, 44.2. The link members 44.1, 44.2 are pivotally 
connected to the guide formation 38. The pivotal connec 
tions betWeen the link members 42.1, 42.2, 44.1, 44.2, the 
cradle 40, and the guide formation 38 are arranged to 
constrain the robotic arm 26 to move in a speci?c manner. 
The movement of the robotic arm 26 is illustrated schemati 
cally in FIG. 4. 

[0041] With reference to FIG. 4 of the draWings, the solid 
lines schematically indicate one position of the robotic arm 
26 and the dashed lines indicate another possible position 
into Which the arm 26 can be displaced from the position 
indicated in solid lines. 

[0042] It Will be understood that the axis 28.2 along Which 
the shaft 28.1 of the instrument 28 extends When mounted on 
the robotic arm 26 pivots about a pivot center or fulcrum 50. 
Thus, irrespective of the movement of the robotic arm 26, 
the pivot center 50 normally remains in the same position 
relative to the stationary cart 20 on Which the arm 26 is 
mounted. In use, the pivot center 50 is positioned at a port 
of entry into a patient’s body When an internal surgical 
procedure is to be performed. It Will be appreciated that the 
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shaft 28.1 extends through such a port of entry, the Wrist-like 
mechanism 32 then being positioned inside the patient’s 
body. Thus, the general position of the mechanism 32 
relative to the surgical site in a patient’s body can be 
changed by movement of the arm 26. Since the pivot center 
50 is coincident With the port of entry, such movement of the 
arm does not excessively effect the surrounding tissue at the 
port of entry. 

[0043] As can best be seen With reference to FIG. 4, the 
robotic arm 26 provides three degrees of freedom of move 
ment to the surgical instrument 28 When mounted thereon. 
These degrees of freedom of movement are ?rstly the 
gimbaled motion indicated by arroWs A, pivoting or pitching 
movement as indicated by arroWs B and the linear displace 
ment in the direction of arroWs P. Movement of the arm 26 
as indicated by arroWs A, B and P is controlled by appro 
priately positioned actuators, e.g., electrical motors, or the 
like, Which respond to inputs from an associated master 
control to drive the arm 26 to a required position as dictated 
by movement of the master control. Appropriately posi 
tioned sensors, e.g., potentiometers, encoders, or the like, 
are provided on the arm 26 to enable a control system of the 
minimally invasive telesurgical system 10 to determine joint 
positions, as described in greater detail herein beloW. It Will 
be appreciated that Whenever “sensors” are referred to in this 
speci?cation, the term is to be interpreted Widely to include 
any appropriate sensors, such as, for example, positional 
sensors, velocity sensors, or the like. It Will be appreciated 
that by causing the robotic arm 26 selectively to displace 
from one position to another, the general position of the 
Wrist-like mechanism 32 relative to the surgical site can be 
varied during the performance of a surgical procedure. 

[0044] Referring noW to FIG. 5 of the draWings, the 
Wrist-like mechanism 32 Will noW be described in greater 
detail. In FIG. 5, the Working end of the shaft 28.1 is 
indicated at 28.3. The Wrist-like mechanism 32 includes a 
Wrist member 52. One end portion of the Wrist member 52 
is pivotally mounted in a clevis, generally indicated at 54, on 
the end 28.3 of the shaft 28.1 by means of a pivotal 
connection 56. The Wrist member 52 can pivot in the 
direction of arroWs D about the pivotal connection 56. An 
end effector, generally indicated by reference numeral 60, is 
pivotally mounted on an opposed end of the Wrist member 
52. The end effector 60 is in the form of, e.g., a clip applier 
for anchoring clips during a surgical procedure, or the like. 
Accordingly, the end effector 60 has tWo parts 60.1, 60.2 
together de?ning a jaW-like arrangement. 

[0045] It Will be appreciated that the end effector 60 can be 
in the form of any desired surgical tool, e.g., having tWo 
members, or ?ngers, Which pivot relative to each other, such 
as, for example, scissors, pliers for use as needle drivers, or 
the like. Instead, it can include a single Working member, 
e.g., a scalpel, cautery electrode, or the like. When a tool 
other than a clip applier is required during the surgical 
procedure, the tool 28 is simply removed from its associated 
arm 26 and replaced With an instrument bearing the required 
end effector, e.g., a scissors, or pliers, or the like. 

[0046] The end effector 60 is pivotally mounted in a 
clevis, generally indicated by reference numeral 62, on an 
opposed end of the Wrist member 52, by means of a pivotal 
connection 64. It Will be appreciated that free ends 60.3, 60.4 
of the parts 60.1, 60.2 are angularly displaceable about the 


























