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DRIVE INTERFACE FOR OPERABLY COUPLING A 
MANIPULATABLE SURGICAL TOOL TO A ROBOT 

CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] The present application is a continuation patent application of and claims the benefit 

from U.S. Patent Application Serial No. 13/118,259, filed May 27, 2011, entitled "Surgical 

Instrument With Wireless Communication Between A Control Unit of a Robotic System and 

Remote Sensor", the entire disclosure of which is hereby incorporated by reference and which is 

a continuation-in-part patent application and claims the benefit from U.S. Patent Application 

Serial No. 11/651,807, entitled "Surgical Instrument With Wireless Communication Between 

Control Unit and Remote Sensor", filed January 10, 2007, U.S. Patent Publication No. US 

2008/0167672 Al, the disclosure of which is hereby incorporated by reference in its entirety and 

which is related to the following U.S. patent applications, which are also incorporated herein by 

reference in their respective entireties: 

(1) U.S. Patent Application Serial No. 11/651,715, filed January 10, 2007, U.S. 

Patent Application Publication No. US-2008/0167522, entitled "SURGICAL INSTRUMENT 

WITH WIRELESS COMMUNICATION BETWEEN CONTROL UNIT AND SENSOR 

TRANSPONDERS," by J. Giordano et al.; 

(2) U.S. Patent Application Serial No. 11/651,806, filed January 10, 2007, U.S. 

Patent Application Publication No. US-2008/0167671, entitled "SURGICAL INSTRUMENT 

WITH ELEMENTS TO COMMUNICATE BETWEEN CONTROL UNIT AND END 

EFFECTOR," by J. Giordano et al.; 

(3) U.S. Patent Application Serial No. 11/651,768, filed January 10, 2007, now U.S. 

Patent No. 7,721,931, entitled "PREVENTION OF CARTRIDGE REUSE IN A SURGICAL 

INSTRUMENT," by F. Shelton et al.; 

(4) U.S. Patent Application Serial No. 11/651,771, filed January 10, 2007, now U.S. 

Patent No. 7,738,971, entitled "POST-STERILIZATION PROGRAMMING OF SURGICAL 

INSTRUMENTS," by J. Swayze et al.; 

1 
PI-2641768 vl 
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(5) U.S. Patent Application Serial No. 11/651,788, filed January 10, 2007, now U.S. 

Patent No. 7,721,936, entitled "INTERLOCK AND SURGICAL INSTRUMENT INCLUDING 

SAME, by F. Shelton et al.; and 

(6) U.S. Patent Application Serial No. 11/651,785, filed January 10, 2007, U.S. 

Patent Application Publication No. US-2008/0167644, entitled "SURGICAL INSTRUMENT 

WITH ENHANCED BATTERY PERFORMANCE," by F. Shelton et al. 

BACKGROUND 

[0002] Endoscopic surgical instruments are often preferred over traditional open surgical 

devices since a smaller incision tends to reduce the post-operative recovery time and 

complications. Consequently, significant development has gone into a range of endoscopic 

surgical instruments that are suitable for precise placement of a distal end effector at a desired 

surgical site through a cannula of a trocar. These distal end effectors engage the tissue in a 

number of ways to achieve a diagnostic or therapeutic effect (e.g., endocutter, grasper, cutter, 

staplers, clip applier, access device, drug/gene therapy delivery device, and energy device using 

ultrasound, RF, laser, etc.). 

[0003] Known surgical staplers include an end effector that simultaneously makes a 

longitudinal incision in tissue and applies lines of staples on opposing sides of the incision. The 

end effector includes a pair of cooperating jaw members that, if the instrument is intended for 

endoscopic or laparoscopic applications, are capable of passing through a cannula passageway. 

One of the jaw members receives a staple cartridge having at least two laterally spaced rows of 

staples. The other jaw member defines an anvil having staple-forming pockets aligned with the 

rows of staples in the cartridge. The instrument includes a plurality of reciprocating wedges 

which, when driven distally, pass through openings in the staple cartridge and engage drivers 

supporting the staples to effect the firing of the staples toward the anvil. 

[0004] An example of a surgical stapler suitable for endoscopic applications is described in 

U.S. Pat. No. 5,465,895, which discloses an endocutter with distinct closing and firing actions. A 

clinician using this device is able to close the jaw members upon tissue to position the tissue 

prior to firing. Once the clinician has determined that the jaw members are properly gripping 

tissue, the clinician can then fire the surgical stapler with a single firing stroke, thereby severing 

and stapling the tissue. The simultaneous severing and stapling avoids complications that may 

2 
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arise when performing such actions sequentially with different surgical tools that respectively 

only sever and staple. 

[0005] One specific advantage of being able to close upon tissue before firing is that the 

clinician is able to verify via an endoscope that the desired location for the cut has been 

achieved, including that a sufficient amount of tissue has been captured between opposing jaws. 

Otherwise, opposing jaws may be drawn too close together, especially pinching at their distal 

ends, and thus not effectively forming closed staples in the severed tissue. At the other extreme, 

an excessive amount of clamped tissue may cause binding and an incomplete firing. 

[0006] Endoscopic staplers/cutters continue to increase in complexity and function with each 

generation. One of the main reasons for this is the quest to lower force-to-fire (FTP) to a level 

that all or a great majority of surgeons can handle. One known solution to lower FTP it use CO2 

or electrical motors. These devices have not faired much better than traditional hand-powered 

devices, but for a different reason. Surgeons typically prefer to experience proportionate force 

distribution to that being experienced by the end effector in the forming of the staple to assure 

them that the cutting/stapling cycle is complete, with the upper limit within the capabilities of 

most surgeons (usually around 15-30 lbs). They also typically want to maintain control of 

deploying the staples and being able to stop at anytime if the forces felt in the handle of the 

device feel too great or for some other clinical reason. 

[0007] To address this need, so-called "power-assist" endoscopic surgical instruments have 

been developed in which a supplemental power source aids in the firing of the instrument. For 

example, in some power-assist devices, a motor provides supplemental electrical power to the 

power input by the user from squeezing the firing trigger. Such devices are capable of providing 

loading force feedback and control to the operator to reduce the firing force required to be 

exerted by the operator in order to complete the cutting operation. One such power-assist device 

is described in United States Patent Application Serial No. 11/343,573, filed January 31, 2006 by 

Shelton et al., entitled "Motor-driven surgical cutting and fastening instrument with loading force 

feedback," ("the '573 application") which is incorporated herein by reference. 

[0008] These power-assist devices often include other components that purely mechanical 

endoscopic surgical instruments do not, such as sensors and control systems. One challenge in 

using such electronics in a surgical instrument is delivering power and/or data to and from the 

sensors, particularly when there is a free rotating joint in the surgical instrument. 

3 
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SUMMARY 

[0009] In one general aspect, the present invention is directed to a surgical instrument, such as 

an endoscopic or laparoscopic instrument. According to one embodiment, the surgical 

instrument comprises an end effector comprising at least one sensor transponder that is passively 

powered. The surgical instrument also comprises a shaft having a distal end connected to the 

end effector and a handle connected to a proximate end of the shaft. The handle comprises a 

control unit (e.g., a microcontroller) that is in communication with the sensor transponder via at 

least one inductive coupling. Further, the surgical instrument may comprise a rotational joint for 

rotating the shaft. In such a case, the surgical instrument may comprise a first inductive element 

located in the shaft distally from the rotational joint and inductively coupled to the control unit, 

and a second inductive element located distally in the shaft and inductively coupled to the at least 

one sensor transponder. The first and second inductive elements may be connected by a wired, 

physical connection. 

[0010] That way, the control unit may communicate with the transponder in the end effector 

without a direct wired connection through complex mechanical joints like the rotating joint 

where it may be difficult to maintain such a wired connection. In addition, because the distances 

between the inductive elements may be fixed and known, the couplings could be optimized for 

inductive transfer of energy. Also, the distances could be relatively short so that relatively low 

power signals could be used to thereby minimize interference with other systems in the use 

environment of the instrument. 

[0011] In another general aspect of the present invention, the electrically conductive shaft of 

the surgical instrument may serve as an antenna for the control unit to wirelessly communicate 

signals to and from the sensor transponder. For example, the sensor transponder could be located 

on or disposed in a nonconductive component of the end effector, such as a plastic cartridge, 

thereby insulating the sensor from conductive components of the end effector and the shaft. In 

addition, the control unit in the handle may be electrically coupled to the shaft. In that way, the 

shaft and/or the end effector may serve as an antenna for the control unit by radiating signals 

from the control unit to the sensor and/or by receiving radiated signals from the sensor. Such a 

design is particularly useful in surgical instruments having complex mechanical joints (such as 

rotary joints), which make it difficult to use a direct wired connection between the sensor and 

control unit for communicating data signals. 

4 
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[0012] In another embodiment, the shaft and/or components of the end effector could serve as 

the antenna for the sensor by radiating signals to the control unit and receiving radiated signals 

from the control unit. According to such an embodiment, the control unit is electrically insulated 

from the shaft and the end effector. 

[0013] In another general aspect, the present invention is directed to a surgical instrument 

comprising a programmable control unit that can be programmed by a programming device after 

the instrument has been packaged and sterilized. In one such embodiment, the programming 

device may wirelessly program the control unit. The control unit may be passively powered by 

the wireless signals from the programming device during the programming operation. In another 

embodiment, the sterile container may comprise a connection interface so that the programming 

unit can be connected to the surgical instrument while the surgical instrument is in its sterilized 

container. 

[0014] In another general aspect, an embodiment of the present invention is directed to a 

surgical instrument for use with a robotic system that has a control unit and a shaft portion. An 

electrically conductive elongated member is attached to a portion of the robotic system and is 

configured to transmit control motions from the robotic system. In various embodiments, the 

surgical instrument comprises an end effector that is configured to be operably coupled to the 

elongated electrically conductive member to receive the control motions from the surgical tool 

system such that at least one sensor within the end effector is electrically insulated from the 

elongated electrically conductive member such that the elongated electrically conductive 

member can wirelessly radiate communication signals from the control unit to the at least one 

sensor and can receive wirelessly radiated communication signals from the at least one sensor. 

[0015] In accordance with another general aspect of an embodiment of the present invention, 

there is provided a surgical instrument for use with a robotic system that has a control unit. A 

shaft portion that includes an elongated electrically conductive member is attached to a portion 

of the robotic system and at least partially houses a drive shaft therein. In various embodiments, 

the surgical instrument comprises an end effector that is configured to be operably coupled to the 

elongated electrically conductive member and the drive shaft for receiving control motions from 

the robotic system. The end effector has at least one sensor that is electrically insulated from the 

elongated electrically conductive member such that the elongated electrically conductive 
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member can wirelessly radiate communication signals from the control unit to the at least one 

sensor and can receive wirelessly radiated communication signals from the at least one sensor. 

FIGURES 

[0016] Various embodiments of the present invention are described herein by way of example 

in conjunction with the following figures wherein: 

[0017] FIGS. 1 and 2 are perspective views of a surgical instrument according to various 

embodiments of the present invention; 

[0018] FIGS. 3-5 are exploded views of an end effector and shaft of the instrument according 

to various embodiments of the present invention; 

[0019] FIG. 6 is a side view of the end effector according to various embodiments of the 

present invention; 

[0020] FIG. 7 is an exploded view of the handle of the instrument according to various 

embodiments of the present invention; 

[0021] FIG. 8 and 9 are partial perspective views of the handle according to various 

embodiments of the present invention; 

[0022] FIG. 10 is a side view of the handle according to various embodiments of the present 

invention; 

[0023] FIGS. 11, 13-14, 16, and 22 are perspective views of a surgical instrument according to 

various embodiments of the present invention; 

[0024] FIGS. 12 and 19 are block diagrams of a control unit according to various embodiments 

of the present invention; 

[0025] FIG. 15 is a side view of an end effector including a sensor transponder according to 

various embodiments of the present invention; 

[0026] FIGS. 17 and 18 show the instrument in a sterile container according to various 

embodiments of the present invention; 

[0027] FIG. 20 is a block diagram of the remote programming device according to various 

embodiments of the present invention; 

[0028] FIG. 21 is a diagram of a packaged instrument according to various embodiments of the 

present invention; 

[0029] FIG. 23 is a perspective view of one robotic controller embodiment; 
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[0030] FIG. 23A is a perspective view of one robotic surgical arm cart/manipulator of a robotic 

system operably supporting a plurality of surgical tool embodiments of the present invention; 

[0031] FIG. 24 is a side view of the robotic surgical arm cart/manipulator depicted in FIG. 

23A; 

[0032] FIG. 25 is a perspective view of an exemplary cart structure with positioning linkages 

for operably supporting robotic manipulators that may be used with various surgical tool 

embodiments of the present invention; 

[0033] FIG. 26 is a perspective view of a surgical tool embodiment of the present invention; 

[0034] FIG. 27 is an exploded assembly view of an adapter and tool holder arrangement for 

attaching various surgical tool embodiments to a robotic system; 

[0035] FIG. 28 is a side view of the adapter shown in FIG. 27; 

[0036] FIG. 29 is a bottom view of the adapter shown in FIG. 27; 

[0037] FIG. 30 is a top view of the adapter of FIGS. 27 and 28; 

[0038] FIG. 31 is a partial bottom perspective view of the surgical tool embodiment of FIG. 

26; 

[0039] FIG. 32 is a partial exploded view of a portion of an articulatable surgical end effector 

embodiment of the present invention; 

[0040] FIG. 33 is a perspective view of the surgical tool embodiment of FIG. 31 with the tool 

mounting housing removed; 

[0041] FIG. 34 is a rear perspective view of the surgical tool embodiment of FIG. 31 with the 

tool mounting housing removed; 

[0042] FIG. 35 is a front perspective view of the surgical tool embodiment of FIG. 31 with the 

tool mounting housing removed; 

[0043] FIG. 36 is a partial exploded perspective view of the surgical tool embodiment of FIG. 

35; 

[0044] FIG. 37 is a partial cross-sectional side view of the surgical tool embodiment of FIG. 

31; 

[0045] FIG. 38 is an enlarged cross-sectional view of a portion of the surgical tool depicted in 

FIG. 37; 

[0046] FIG. 39 is an exploded perspective view of a portion of the tool mounting portion of the 

surgical tool embodiment depicted in FIG. 31; 
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[0047] FIG. 40 is an enlarged exploded perspective view of a portion of the tool mounting 

portion of FIG. 39; 

[0048] FIG. 41 is a partial cross-sectional view of a portion of the elongated shaft assembly of 

the surgical tool of FIG. 31; 

[0049] FIG. 42 is a side view of a half portion of a closure nut embodiment of a surgical tool 

embodiment of the present invention; 

[0050] FIG. 43 is a perspective view of another surgical tool embodiment of the present 

invention; 

[0051] FIG. 44 is a cross-sectional side view of a portion of the surgical end effector and 

elongated shaft assembly of the surgical tool embodiment of FIG. 43 with the anvil in the open 

position and the closure clutch assembly in a neutral position; 

[0052] FIG. 45 is another cross-sectional side view of the surgical end effector and elongated 

shaft assembly shown in FIG. 44 with the clutch assembly engaged in a closure position; 

[0053] FIG. 46 is another cross-sectional side view of the surgical end effector and elongated 

shaft assembly shown in FIG. 44 with the clutch assembly engaged in a firing position; 

[0054] FIG. 47 is a top view of a portion of a tool mounting portion embodiment of the present 

invention; 

[0055] FIG. 48 is a perspective view of another surgical tool embodiment of the present 

invention; 

[0056] FIG. 49 is a cross-sectional side view of a portion of the surgical end effector and 

elongated shaft assembly of the surgical tool embodiment of FIG. 48 with the anvil in the open 

position; 

[0057] FIG. 50 is another cross-sectional side view of a portion of the surgical end effector and 

elongated shaft assembly of the surgical tool embodiment of FIG. 48 with the anvil in the closed 

position; 

[0058] FIG. 51 is a perspective view of a closure drive nut and portion of a knife bar 

embodiment of the present invention; 

[0059] FIG. 52 is a top view of another tool mounting portion embodiment of the present 

invention; 

[0060] FIG. 53 is a perspective view of another surgical tool embodiment of the present 

invention; 
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[0061] FIG. 54 is a cross-sectional side view of a portion of the surgical end effector and 

elongated shaft assembly of the surgical tool embodiment of FIG. 53 with the anvil in the open 

position; 

[0062] FIG. 55 is another cross-sectional side view of a portion of the surgical end effector and 

elongated shaft assembly of the surgical tool embodiment of FIG. 54 with the anvil in the closed 

position; 

[0063] FIG. 56 is a cross-sectional view of a mounting collar embodiment of a surgical tool 

embodiment of the present invention showing the knife bar and distal end portion of the closure 

drive shaft; 

[0064] FIG. 57 is a cross-sectional view of the mounting collar embodiment of FIG. 56; 

[0065] FIG. 58 is a top view of another tool mounting portion embodiment of another surgical 

tool embodiment of the present invention; 

[0066] FIG. 58A is an exploded perspective view of a portion of a gear arrangement of another 

surgical tool embodiment of the present invention; 

[0067] FIG. 58B is a cross-sectional perspective view of the gear arrangement shown in FIG. 

58A; 

[0068] FIG. 59 is a cross-sectional side view of a portion of a surgical end effector and 

elongated shaft assembly of another surgical tool embodiment of the present invention 

employing a pressure sensor arrangement with the anvil in the open position; 

[0069] FIG. 60 is another cross-sectional side view of a portion of the surgical end effector and 

elongated shaft assembly of the surgical tool embodiment of FIG. 59 with the anvil in the closed 

position; 

[0070] FIG. 61 is a side view of a portion of another surgical tool embodiment of the present 

invention in relation to a tool holder portion of a robotic system with some of the components 

thereof shown in cross-section; 

[0071] FIG. 62 is a side view of a portion of another surgical tool embodiment of the present 

invention in relation to a tool holder portion of a robotic system with some of the components 

thereof shown in cross-section; 

[0072] FIG. 63 is a side view of a portion of another surgical tool embodiment of the present 

invention with some of the components thereof shown in cross-section; 
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[0073] FIG. 64 is a side view of a portion of another surgical end effector embodiment of a 

portion of a surgical tool embodiment of the present invention with some components thereof 

shown in cross-section; 

[0074] FIG. 65 is a side view of a portion of another surgical end effector embodiment of a 

portion of a surgical tool embodiment of the present invention with some components thereof 

shown in cross-section; 

[0075] FIG. 66 is a side view of a portion of another surgical end effector embodiment of a 

portion of a surgical tool embodiment of the present invention with some components thereof 

shown in cross-section; 

[0076] FIG. 67 is an enlarged cross-sectional view of a portion of the end effector of FIG. 66; 

[0077] FIG. 68 is another cross-sectional view of a portion of the end effector of FIGS. 66 and 

67; 

[0078] FIG. 69 is a cross-sectional side view of a portion of a surgical end effector and 

elongated shaft assembly of another surgical tool embodiment of the present invention with the 

anvil in the open position; 

[0079] FIG. 70 is an enlarged cross-sectional side view of a portion of the surgical end effector 

and elongated shaft assembly of the surgical tool embodiment of FIG. 69; 

[0080] FIG. 71 is another cross-sectional side view of a portion of the surgical end effector and 

elongated shaft assembly of FIGS. 69 and 70 with the anvil thereof in the closed position; 

[0081] FIG. 72 is an enlarged cross-sectional side view of a portion of the surgical end effector 

and elongated shaft assembly of the surgical tool embodiment of FIGS. 69-71; 

[0082] FIG. 73 is a top view of a tool mounting portion embodiment of a surgical tool 

embodiment of the present invention; 

[0083] FIG. 74 is a perspective assembly view of another surgical tool embodiment of the 

present invention; 

[0084] FIG. 75 is a front perspective view of a disposable loading unit arrangement that may 

be employed with various surgical tool embodiments of the present invention; 

[0085] FIG. 76 is a rear perspective view of the disposable loading unit of FIG. 75; 

[0086] FIG. 77 is a bottom perspective view of the disposable loading unit of FIGS. 75 and 76; 

[0087] FIG. 78 is a bottom perspective view of another disposable loading unit embodiment 

that may be employed with various surgical tool embodiments of the present invention; 
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[0088] FIG. 79 is an exploded perspective view of a mounting portion of a disposable loading 

unit depicted in FIGS. 75-77; 

[0089] FIG. 80 is a perspective view of a portion of a disposable loading unit and an elongated 

shaft assembly embodiment of a surgical tool embodiment of the present invention with the 

disposable loading unit in a first position; 

[0090] FIG. 81 is another perspective view of a portion of the disposable loading unit and 

elongated shaft assembly of FIG. 80 with the disposable loading unit in a second position; 

[0091] FIG. 82 is a cross-sectional view of a portion of the disposable loading unit and 

elongated shaft assembly embodiment depicted in FIGS. 80 and 81; 

[0092] FIG. 83 is another cross-sectional view of the disposable loading unit and elongated 

shaft assembly embodiment depicted in FIGS. 80-82; 

[0093] FIG. 84 is a partial exploded perspective view of a portion of another disposable 

loading unit embodiment and an elongated shaft assembly embodiment of a surgical tool 

embodiment of the present invention; 

[0094] FIG. 85 is a partial exploded perspective view of a portion of another disposable 

loading unit embodiment and an elongated shaft assembly embodiment of a surgical tool 

embodiment of the present invention; 

[0095] FIG. 86 is another partial exploded perspective view of the disposable loading unit 

embodiment and an elongated shaft assembly embodiment of FIG. 85; 

[0096] FIG. 87 is a top view of another tool mounting portion embodiment of a surgical tool 

embodiment of the present invention; 

[0097] FIG. 88 is a side view of another surgical tool embodiment of the present invention with 

some of the components thereof shown in cross-section and in relation to a robotic tool holder of 

a robotic system; 

[0098] FIG. 89 is an exploded assembly view of a surgical end effector embodiment that may 

be used in connection with various surgical tool embodiments of the present invention; 

[0099] FIG. 90 is a side view of a portion of a cable-driven system for driving a cutting 

instrument employed in various surgical end effector embodiments of the present invention; 

[0100] FIG. 91 is a top view of the cable-driven system and cutting instrument of FIG. 90; 

[0101] FIG. 92 is a top view of a cable drive transmission embodiment of the present invention 

in a closure position; 
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[0102] FIG. 93 is another top view of the cable drive transmission embodiment of FIG. 92 in a 

neutral position; 

[0103] FIG. 94 is another top view of the cable drive transmission embodiment of FIGS. 92 

and 93 in a firing position; 

[0104] FIG. 95 is a perspective view of the cable drive transmission embodiment in the 

position depicted in FIG. 92; 

[0105] FIG. 96 is a perspective view of the cable drive transmission embodiment in the 

position depicted in FIG. 93; 

[0106] FIG. 97 is a perspective view of the cable drive transmission embodiment in the 

position depicted in FIG. 94; 

[0107] FIG. 98 is a perspective view of another surgical tool embodiment of the present 

invention; 

[0108] FIG. 99 is a side view of a portion of another cable-driven system embodiment for 

driving a cutting instrument employed in various surgical end effector embodiments of the 

present invention; 

[0109] FIG. 100 is a top view of the cable-driven system embodiment of FIG. 99; 

[0110] FIG. 101 is a top view of a tool mounting portion embodiment of another surgical tool 

embodiment of the present invention; 

[0111] FIG. 102 is a top cross-sectional view of another surgical tool embodiment of the 

present invention; 

[0112] FIG. 103 is a cross-sectional view of a portion of a surgical end effector embodiment of 

a surgical tool embodiment of the present invention; 

[0113] FIG. 104 is a cross-sectional end view of the surgical end effector of FIG. 103 taken 

along line 104-104 in FIG. 103; 

[0114] FIG. 105 is a perspective view of the surgical end effector of FIGS. 103 and 104 with 

portions thereof shown in cross-section; 

[0115] FIG. 106 is a side view of a portion of the surgical end effector of FIGS. 103-105; 

[0116] FIG. 107 is a perspective view of a sled assembly embodiment of various surgical tool 

embodiments of the present invention; 

[0117] FIG. 108 is a cross-sectional view of the sled assembly embodiment of FIG. 107 and a 

portion of the elongated channel of FIG. 106; 
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[0118] FIGS. 109-114 diagrammatically depict the sequential firing of staples in a surgical tool 

embodiment of the present invention; 

[0119] FIG. 115 is a partial perspective view of a portion of a surgical end effector 

embodiment of the present invention; 

[0120] FIG. 116 is a partial cross-sectional perspective view of a portion of a surgical end 

effector embodiment of a surgical tool embodiment of the present invention; 

[0121] FIG. 117 is another partial cross-sectional perspective view of the surgical end effector 

embodiment of FIG. 116 with a sled assembly axially advancing therethrough; 

[0122] FIG. 118 is a perspective view of another sled assembly embodiment of another 

surgical tool embodiment of the present invention; 

[0123] FIG. 119 is a partial top view of a portion of the surgical end effector embodiment 

depicted in FIGS. 116 and 117 with the sled assembly axially advancing therethrough; 

[0124] FIG. 120 is another partial top view of the surgical end effector embodiment of FIG. 

119 with the top surf ace of the surgical staple cartridge omitted for clarity; 

[0125] FIG. 121 is a partial cross-sectional side view of a rotary driver embodiment and staple 

pusher embodiment of the surgical end effector depicted in FIGS. 116 and 117; 

[0126] FIG. 122 is a perspective view of an automated reloading system embodiment of the 

present invention with a surgical end effector in extractive engagement with the extraction 

system thereof; 

[0127] FIG. 123 is another perspective view of the automated reloading system embodiment 

depicted in FIG. 122; 

[0128] FIG. 124 is a cross-sectional elevational view of the automated reloading system 

embodiment depicted in FIGS. 122 and 123; 

[0129] FIG. 125 is another cross-sectional elevational view of the automated reloading system 

embodiment depicted in FIGS. 122-124 with the extraction system thereof removing a spent 

surgical staple cartridge from the surgical end effector; 

[0130] FIG. 126 is another cross-sectional elevational view of the automated reloading system 

embodiment depicted in FIGS. 122-125 illustrating the loading of a new surgical staple cartridge 

into a surgical end effector; 

[0131] FIG. 127 is a perspective view of another automated reloading system embodiment of 

the present invention with some components shown in cross-section; 
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[0132] FIG. 128 is an exploded perspective view of a portion of the automated reloading 

system embodiment of FIG. 127; 

[0133] FIG. 129 is another exploded perspective view of the portion of the automated 

reloading system embodiment depicted in FIG. 128; 

[0134] FIG. 130 is a cross-sectional elevational view of the automated reloading system 

embodiment of FIGS. 127-129; 

[0135] FIG. 131 is a cross-sectional view of an orientation tube embodiment supporting a 

disposable loading unit therein; 

[0136] FIG. 132 is a perspective view of another surgical tool embodiment of the present 

invention; 

[0137] FIG. 133 is a partial perspective view of an articulation joint embodiment of a surgical 

tool embodiment of the present invention; 

[0138] FIG. 134 is a perspective view of a closure tube embodiment of a surgical tool 

embodiment of the present invention; 

[0139] FIG. 135 is a perspective view of the closure tube embodiment of FIG. 134 assembled 

on the articulation joint embodiment of FIG. 133; 

[0140] FIG. 136 is a top view of a portion of a tool mounting portion embodiment of a surgical 

tool embodiment of the present invention; 

[0141] FIG. 137 is a perspective view of an articulation drive assembly embodiment employed 

in the tool mounting portion embodiment of FIG. 136; 

[0142] FIG. 138 is a perspective view of another surgical tool embodiment of the present 

invention; and 

[0143] FIG. 139 is a perspective view of another surgical tool embodiment of the present 

invention. 

DETAILED DESCRIPTION 

[0144] Applicant of the present application also owns the following patent applications that 

were filed on May 27, 2011 and which are each herein incorporated by reference in their 

respective entireties: 

U.S. Patent Application Serial No. 13/118,210, entitled "Robotically-Controlled 

Disposable Motor Driven Loading Unit"; 
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U.S. Patent Application Serial No. 13/118,194, entitled "Robotically-Controlled 

Endoscopic Accessory Channel"; 

U.S. Patent Application Serial No. 13/118,253, entitled "Robotically-Controlled 

Motorized Surgical Instrument"; 

U.S. Patent Application Serial No. 13/118,278, entitled "Robotically-Controlled Surgical 

Stapling Devices That Produce Formed Staples Having Different Lengths"; 

U.S. Patent Application Serial No. 13/118,190, entitled "Robotically-Controlled 

Motorized Cutting and Fastening Instrument"; 

U.S. Patent Application Serial No. 13/118,223, entitled "Robotically-Controlled Shaft 

Based Rotary Drive Systems For Surgical Instruments"; 

U.S. Patent Application Serial No. 13/118,263, entitled "Robotically-Controlled Surgical 

Instrument Having Recording Capabilities"; 

U.S. Patent Application Serial No. 13/118,272, entitled "Robotically-Controlled Surgical 

Instrument With Force Feedback Capabilities"; 

U.S. Patent Application Serial No. 13/118,246, entitled "Robotically-Driven Surgical 

Instrument With E-Beam Driver"; 

U.S. Patent Application Serial No. 13/118,241, entitled "Surgical Stapling Instruments 

With Rotatable Staple Deployment Arrangements". 

[0145] Certain exemplary embodiments will now be described to provide an overall 

understanding of the principles of the structure, function, manufacture, and use of the devices 

and methods disclosed herein. One or more examples of these embodiments are illustrated in the 

accompanying drawings. Those of ordinary skill in the art will understand that the devices and 

methods specifically described herein and illustrated in the accompanying drawings are non­

limiting exemplary embodiments and that the scope of the various embodiments of the present 

invention is defined solely by the claims. The features illustrated or described in connection with 

one exemplary embodiment may be combined with the features of other embodiments. Such 

modifications and variations are intended to be included within the scope of the present 

invention. 

[0146] Uses of the phrases "in various embodiments," "in some embodiments," "in one 

embodiment", or "in an embodiment", or the like, throughout the specification are not 

necessarily all referring to the same embodiment. Furthermore, the particular features, 
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structures, or characteristics of one or more embodiments may be combined in any suitable 

manner in one or more other embodiments. Such modifications and variations are intended to be 

included within the scope of the present invention. 

[0147] Various embodiments of the present invention are directed generally to a surgical 

instrument having at least one remote sensor transponder and means for communicating power 

and/or data signals to the transponder(s) from a control unit. The present invention may be used 

with any type of surgical instrument comprising at least one sensor transponder, such as 

endoscopic or laparoscopic surgical instruments, but is particularly useful for surgical 

instruments where some feature of the instrument, such as a free rotating joint, prevents or 

otherwise inhibits the use of a wired connection to the sensor(s). Before describing aspects of 

the system, one type of surgical instrument in which embodiments of the present invention may 

be used- an endoscopic stapling and cutting instrument (i.e., an endocutter) - is first described 

by way of illustration. 

[0148] Figures 1 and 2 depict an endoscopic surgical instrument 10 that comprises a handle 6, a 

shaft 8, and an articulating end effector 12 pivotally connected to the shaft 8 at an articulation 

pivot 14. Correct placement and orientation of the end effector 12 may be facilitated by controls 

on the hand 6, including (1) a rotation knob 28 for rotating the closure tube (described in more 

detail below in connection with Figures 4-5) at a free rotating joint 29 of the shaft 8 to thereby 

rotate the end effector 12 and (2) an articulation control 16 to effect rotational articulation of the 

end effector 12 about the articulation pivot 14. In the illustrated embodiment, the end effector 12 

is configured to act as an endocutter for clamping, severing and stapling tissue, although in other 

embodiments, different types of end effectors may be used, such as end effectors for other types 

of surgical instruments, such as graspers, cutters, staplers, clip appliers, access devices, 

drug/gene therapy devices, ultrasound, RF or laser devices, etc. 

[0149] The handle 6 of the instrument 10 may include a closure trigger 18 and a firing trigger 

20 for actuating the end effector 12. It will be appreciated that instruments having end effectors 

directed to different surgical tasks may have different numbers or types of triggers or other 

suitable controls for operating the end effector 12. The end effector 12 is shown separated from 

the handle 6 by the preferably elongated shaft 8. In one embodiment, a clinician or operator of 

the instrument 10 may articulate the end effector 12 relative to the shaft 8 by utilizing the 

articulation control 16, as described in more detail in pending U.S. Patent Application Ser. No. 
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11/329,020, filed January 10, 2006, entitled "Surgical Instrument Having An Articulating End 

Effector," by Geoffrey C. Hueil et al., which is incorporated herein by reference. 

[0150] The end effector 12 includes in this example, among other things, a staple channel 22 

and a pivotally translatable clamping member, such as an anvil 24, which are maintained at a 

spacing that assures effective stapling and severing of tissue clamped in the end effector 12. The 

handle 6 includes a pistol grip 26 towards which a closure trigger 18 is pivotally drawn by the 

clinician to cause clamping or closing of the anvil 24 toward the staple channel 22 of the end 

effector 12 to thereby clamp tissue positioned between the anvil 24 and channel 22. The firing 

trigger 20 is farther outboard of the closure trigger 18. Once the closure trigger 18 is locked in 

the closure position, the firing trigger 20 may rotate slightly toward the pistol grip 26 so that it 

can be reached by the operator using one hand. Then the operator may pivotally draw the firing 

trigger 20 toward the pistol grip 12 to cause the stapling and severing of clamped tissue in the 

end effector 12. The '573 application describes various configurations for locking and unlocking 

the closure trigger 18. In other embodiments, different types of clamping members besides the 

anvil 24 could be used, such as, for example, an opposing jaw, etc. 

[0151] It will be appreciated that the terms "proximal" and "distal" are used herein with 

reference to a clinician gripping the handle 6 of an instrument 10. Thus, the end effector 12 is 

distal with respect to the more proximal handle 6. It will be further appreciated that, for 

convenience and clarity, spatial terms such as "vertical" and "horizontal" are used herein with 

respect to the drawings. However, surgical instruments are used in many orientations and 

positions, and these terms are not intended to be limiting and absolute. 

[0152] The closure trigger 18 may be actuated first. Once the clinician is satisfied with the 

positioning of the end effector 12, the clinician may draw back the closure trigger 18 to its fully 

closed, locked position proximate to the pistol grip 26. The firing trigger 20 may then be 

actuated. The firing trigger 20 returns to the open position (shown in Figures 1 and 2) when the 

clinician removes pressure. A release button 30 on the handle 6, and in this example, on the 

pistol grip 26 of the handle, when depressed may release the locked closure trigger 18. 

[0153] Figure 3 is an exploded view of the end effector 12 according to various embodiments. 

As shown in the illustrated embodiment, the end effector 12 may include, in addition to the 

previously-mentioned channel 22 and anvil 24, a cutting instrument 32, a sled 33, a staple 

cartridge 34 that is removably seated in the channel 22, and a helical screw shaft 36. The cutting 
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instrument 32 may be, for example, a knife. The anvil 24 may be pivotably opened and closed at 

a pivot point 25 connected to the proximate end of the channel 22. The anvil 24 may also 

include a tab 27 at its proximate end that is inserted into a component of the mechanical closure 

system (described further below) to open and close the anvil 24. When the closure trigger 18 is 

actuated, that is, drawn in by a user of the instrument 10, the anvil 24 may pivot about the pivot 

point 25 into the clamped or closed position. If clamping of the end effector 12 is satisfactory, 

the operator may actuate the firing trigger 20, which, as explained in more detail below, causes 

the knife 32 and sled 33 to travel longitudinally along the channel 22, thereby cutting tissue 

clamped within the end effector 12. The movement of the sled 33 along the channel 22 causes 

the staples of the staple cartridge 34 to be driven through the severed tissue and against the 

closed anvil 24, which turns the staples to fasten the severed tissue. U.S. Pat. No. 6,978,921, 

entitled "Surgical stapling instrument incorporating an E-beam firing mechanism," which is 

incorporated herein by reference, provides more details about such two-stroke cutting and 

fastening instruments. The sled 33 may be part of the cartridge 34, such that when the knife 32 

retracts following the cutting operation, the sled 33 does not retract. The channel 22 and the 

anvil 24 may be made of an electrically conductive material (such as metal) so that they may 

serve as part of the antenna that communicates with the sensor(s) in the end effector, as 

described further below. The cartridge 34 could be made of a nonconductive material (such as 

plastic) and the sensor may be connected to or disposed in the cartridge 34, as described further 

below. 

[0154] It should be noted that although the embodiments of the instrument 10 described herein 

employ an end effector 12 that staples the severed tissue, in other embodiments different 

techniques for fastening or sealing the severed tissue may be used. For example, end effectors 

that use RF energy or adhesives to fasten the severed tissue may also be used. U.S. Patent No. 

5,709,680, entitled "Electrosurgical Hemostatic Device" to Yates et al., and U.S. Patent No. 

5,688,270, entitled "Electrosurgical Hemostatic Device With Recessed And/Or Offset 

Electrodes" to Yates et al., which are incorporated herein by reference, discloses cutting 

instruments that use RF energy to fasten the severed tissue. U.S. Patent Application Serial No. 

11/267,811 to Morgan et al. and U.S. Patent Application Serial No. 11/267,363 to Shelton et al., 

which are also incorporated herein by reference, disclose cutting instruments that use adhesives 

to fasten the severed tissue. Accordingly, although the description herein refers to 
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cutting/stapling operations and the like, it should be recognized that this is an exemplary 

embodiment and is not meant to be limiting. Other tissue-fastening techniques may also be used. 

[0155] Figures 4 and 5 are exploded views and Figure 6 is a side view of the end effector 12 

and shaft 8 according to various embodiments. As shown in the illustrated embodiment, the 

shaft 8 may include a proximate closure tube 40 and a distal closure tube 42 pivotably linked by 

a pivot links 44. The distal closure tube 42 includes an opening 45 into which the tab 27 on the 

anvil 24 is inserted in order to open and close the anvil 24. Disposed inside the closure tubes 40, 

42 may be a proximate spine tube 46. Disposed inside the proximate spine tube 46 may be a 

main rotational (or proximate) drive shaft 48 that communicates with a secondary (or distal) 

drive shaft 50 via a bevel gear assembly 52. The secondary drive shaft 50 is connected to a drive 

gear 54 that engages a proximate drive gear 56 of the helical screw shaft 36. The vertical bevel 

gear 52b may sit and pivot in an opening 57 in the distal end of the proximate spine tube 46. A 

distal spine tube 58 may be used to enclose the secondary drive shaft 50 and the drive gears 54, 

56. Collectively, the main drive shaft 48, the secondary drive shaft 50, and the articulation 

assembly (e.g., the bevel gear assembly 52a-c), are sometimes referred to herein as the "main 

drive shaft assembly." The closure tubes 40, 42 may be made of electrically conductive material 

(such as metal) so that they may serve as part of the antenna, as described further below. 

Components of the main drive shaft assembly (e.g., the drive shafts 48, 50) may be made of a 

nonconductive material (such as plastic). 

[0156] A bearing 38, positioned at a distal end of the staple channel 22, receives the helical 

drive screw 36, allowing the helical drive screw 36 to freely rotate with respect to the channel 

22. The helical screw shaft 36 may interface a threaded opening (not shown) of the knife 32 

such that rotation of the shaft 36 causes the knife 32 to translate distally or proximately 

(depending on the direction of the rotation) through the staple channel 22. Accordingly, when 

the main drive shaft 48 is caused to rotate by actuation of the firing trigger 20 (as explained in 

more detail below), the bevel gear assembly 52a-c causes the secondary drive shaft 50 to rotate, 

which in turn, because of the engagement of the drive gears 54, 56, causes the helical screw shaft 

36 to rotate, which causes the knife 32 to travel longitudinally along the channel 22 to cut any 

tissue clamped within the end effector. The sled 33 may be made of, for example, plastic, and 

may have a sloped distal surface. As the sled 33 traverses the channel 22, the sloped forward 

surface may push up or drive the staples in the staple cartridge 34 through the clamped tissue and 
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against the anvil 24. The anvil 24 turns the staples, thereby stapling the severed tissue. When 

the knife 32 is retracted, the knife 32 and sled 33 may become disengaged, thereby leaving the 

sled 33 at the distal end of the channel 22. 

[0157] According to various embodiments, as shown Figures 7-10, the surgical instrument may 

include a battery 64 in the handle 6. The illustrated embodiment provides user-feedback 

regarding the deployment and loading force of the cutting instrument in the end effector 12. In 

addition, the embodiment may use power provided by the user in retracting the firing trigger 18 

to power the instrument 10 (a so-called "power assist" mode). As shown in the illustrated 

embodiment, the handle 6 includes exterior lower side pieces 59, 60 and exterior upper side 

pieces 61, 62 that fit together to form, in general, the exterior of the handle 6. The handle pieces 

59-62 may be made of an electrically nonconductive material, such as plastic. A battery 64 may 

be provided in the pistol grip portion 26 of the handle 6. The battery 64 powers a motor 65 

disposed in an upper portion of the pistol grip portion 26 of the handle 6. The battery 64 may be 

constructed according to any suitable construction or chemistry including, for example, a Li-ion 

chemistry such as LiCoO2 or LiNiO2, a Nickel Metal Hydride chemistry, etc. According to 

various embodiments, the motor 65 may be a DC brushed driving motor having a maximum 

rotation of, approximately, 5000 RPM to 100,000 RPM. The motor 64 may drive a 90° bevel 

gear assembly 66 comprising a first bevel gear 68 and a second bevel gear 70. The bevel gear 

assembly 66 may drive a planetary gear assembly 72. The planetary gear assembly 72 may 

include a pinion gear 74 connected to a drive shaft 76. The pinion gear 74 may drive a mating 

ring gear 78 that drives a helical gear drum 80 via a drive shaft 82. A ring 84 may be threaded 

on the helical gear drum 80. Thus, when the motor 65 rotates, the ring 84 is caused to travel 

along the helical gear drum 80 by means of the interposed bevel gear assembly 66, planetary 

gear assembly 72 and ring gear 78. 

[0158] The handle 6 may also include a run motor sensor 110 in communication with the firing 

trigger 20 to detect when the firing trigger 20 has been drawn in ( or "closed") toward the pistol 

grip portion 26 of the handle 6 by the operator to thereby actuate the cutting/stapling operation 

by the end effector 12. The sensor 110 may be a proportional sensor such as, for example, a 

rheostat or variable resistor. When the firing trigger 20 is drawn in, the sensor 110 detects the 

movement, and sends an electrical signal indicative of the voltage (or power) to be supplied to 

the motor 65. When the sensor 110 is a variable resistor or the like, the rotation of the motor 65 
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may be generally proportional to the amount of movement of the firing trigger 20. That is, if the 

operator only draws or closes the firing trigger 20 in a little bit, the rotation of the motor 65 is 

relatively low. When the firing trigger 20 is fully drawn in (or in the fully closed position), the 

rotation of the motor 65 is at its maximum. In other words, the harder the user pulls on the firing 

trigger 20, the more voltage is applied to the motor 65, causing greater rates of rotation. In 

another embodiment, for example, the control unit ( described further below) may output a PWM 

control signal to the motor 65 based on the input from the sensor 110 in order to control the 

motor 65. 

[0159] The handle 6 may include a middle handle piece 104 adjacent to the upper portion of 

the firing trigger 20. The handle 6 also may comprise a bias spring 112 connected between posts 

on the middle handle piece 104 and the firing trigger 20. The bias spring 112 may bias the firing 

trigger 20 to its fully open position. In that way, when the operator releases the firing trigger 20, 

the bias spring 112 will pull the firing trigger 20 to its open position, thereby removing actuation 

of the sensor 110, thereby stopping rotation of the motor 65. Moreover, by virtue of the bias 

spring 112, any time a user closes the firing trigger 20, the user will experience resistance to the 

closing operation, thereby providing the user with feedback as to the amount of rotation exerted 

by the motor 65. Further, the operator could stop retracting the firing trigger 20 to thereby 

remove force from the sensor 100, to thereby stop the motor 65. As such, the user may stop the 

deployment of the end effector 12, thereby providing a measure of control of the 

cutting/fastening operation to the operator. 

[0160] The distal end of the helical gear drum 80 includes a distal drive shaft 120 that drives a 

ring gear 122, which mates with a pinion gear 124. The pinion gear 124 is connected to the main 

drive shaft 48 of the main drive shaft assembly. In that way, rotation of the motor 65 causes the 

main drive shaft assembly to rotate, which causes actuation of the end effector 12, as described 

above. 

[0161] The ring 84 threaded on the helical gear drum 80 may include a post 86 that is disposed 

within a slot 88 of a slotted arm 90. The slotted arm 90 has an opening 92 at its opposite end 94 

that receives a pivot pin 96 that is connected between the handle exterior side pieces 59, 60. The 

pivot pin 96 is also disposed through an opening 100 in the firing trigger 20 and an opening 102 

in the middle handle piece 104. 
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[0162] In addition, the handle 6 may include a reverse motor (or end-of-stroke sensor) 130 and 

a stop motor (or beginning-of-stroke) sensor 142. In various embodiments, the reverse motor 

sensor 130 may be a limit switch located at the distal end of the helical gear drum 80 such that 

the ring 84 threaded on the helical gear drum 80 contacts and trips the reverse motor sensor 130 

when the ring 84 reaches the distal end of the helical gear drum 80. The reverse motor sensor 

130, when activated, sends a signal to the control unit which sends a signal to the motor 65 to 

reverse its rotation direction, thereby withdrawing the knife 32 of the end effector 12 following 

the cutting operation. 

[0163] The stop motor sensor 142 may be, for example, a normally-closed limit switch. In 

various embodiments, it may be located at the proximate end of the helical gear drum 80 so that 

the ring 84 trips the switch 142 when the ring 84 reaches the proximate end of the helical gear 

drum 80. 

[0164] In operation, when an operator of the instrument 10 pulls back the firing trigger 20, the 

sensor 110 detects the deployment of the firing trigger 20 and sends a signal to the control unit 

which sends a signal to the motor 65 to cause forward rotation of the motor 65 at, for example, a 

rate proportional to how hard the operator pulls back the firing trigger 20. The forward rotation 

of the motor 65 in turn causes the ring gear 78 at the distal end of the planetary gear assembly 72 

to rotate, thereby causing the helical gear drum 80 to rotate, causing the ring 84 threaded on the 

helical gear drum 80 to travel distally along the helical gear drum 80. The rotation of the helical 

gear drum 80 also drives the main drive shaft assembly as described above, which in turn causes 

deployment of the knife 32 in the end effector 12. That is, the knife 32 and sled 33 are caused to 

traverse the channel 22 longitudinally, thereby cutting tissue clamped in the end effector 12. 

Also, the stapling operation of the end effector 12 is caused to happen in embodiments where a 

stapling-type end effector is used. 

[0165] By the time the cutting/stapling operation of the end effector 12 is complete, the ring 84 

on the helical gear drum 80 will have reached the distal end of the helical gear drum 80, thereby 

causing the reverse motor sensor 130 to be tripped, which sends a signal to the control unit which 

sends a signal to the motor 65 to cause the motor 65 to reverse its rotation. This in turn causes 

the knife 32 to retract, and also causes the ring 84 on the helical gear drum 80 to move back to 

the proximate end of the helical gear drum 80. 
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[0166] The middle handle piece 104 includes a backside shoulder 106 that engages the slotted 

arm 90 as best shown in Figures 8 and 9. The middle handle piece 104 also has a forward 

motion stop 107 that engages the firing trigger 20. The movement of the slotted arm 90 is 

controlled, as explained above, by rotation of the motor 65. When the slotted arm 90 rotates 

CCW as the ring 84 travels from the proximate end of the helical gear drum 80 to the distal end, 

the middle handle piece 104 will be free to rotate CCW. Thus, as the user draws in the firing 

trigger 20, the firing trigger 20 will engage the forward motion stop 107 of the middle handle 

piece 104, causing the middle handle piece 104 to rotate CCW. Due to the backside shoulder 

106 engaging the slotted arm 90, however, the middle handle piece 104 will only be able to 

rotate CCW as far as the slotted arm 90 permits. In that way, if the motor 65 should stop rotating 

for some reason, the slotted arm 90 will stop rotating, and the user will not be able to further 

draw in the firing trigger 20 because the middle handle piece 104 will not be free to rotate CCW 

due to the slotted arm 90. 

[0167] Components of an exemplary closure system for closing ( or clamping) the anvil 24 of 

the end effector 12 by retracting the closure trigger 18 are also shown in Figures 7-10. In the 

illustrated embodiment, the closure system includes a yoke 250 connected to the closure trigger 

18 by a pin 251 that is inserted through aligned openings in both the closure trigger 18 and the 

yoke 250. A pivot pin 252, about which the closure trigger 18 pivots, is inserted through another 

opening in the closure trigger 18 which is off set from where the pin 251 is inserted through the 

closure trigger 18. Thus, retraction of the closure trigger 18 causes the upper part of the closure 

trigger 18, to which the yoke 250 is attached via the pin 251, to rotate CCW. The distal end of 

the yoke 250 is connected, via a pin 254, to a first closure bracket 256. The first closure bracket 

256 connects to a second closure bracket 258. Collectively, the closure brackets 256, 258 define 

an opening in which the proximate end of the proximate closure tube 40 (see Figure 4) is seated 

and held such that longitudinal movement of the closure brackets 256, 258 causes longitudinal 

motion by the proximate closure tube 40. The instrument 10 also includes a closure rod 260 

disposed inside the proximate closure tube 40. The closure rod 260 may include a window 261 

into which a post 263 on one of the handle exterior pieces, such as exterior lower side piece 59 in 

the illustrated embodiment, is disposed to fixedly connect the closure rod 260 to the handle 6. In 

that way, the proximate closure tube 40 is capable of moving longitudinally relative to the 
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closure rod 260. The closure rod 260 may also include a distal collar 267 that fits into a cavity 

269 in proximate spine tube 46 and is retained therein by a cap 271 (see Figure 4). 

[0168] In operation, when the yoke 250 rotates due to retraction of the closure trigger 18, the 

closure brackets 256, 258 cause the proximate closure tube 40 to move distally (i.e., away from 

the handle end of the instrument 10), which causes the distal closure tube 42 to move distally, 

which causes the anvil 24 to rotate about the pivot point 25 into the clamped or closed position. 

When the closure trigger 18 is unlocked from the locked position, the proximate closure tube 40 

is caused to slide proximately, which causes the distal closure tube 42 to slide proximately, 

which, by virtue of the tab 27 being inserted in the window 45 of the distal closure tube 42, 

causes the anvil 24 to pivot about the pivot point 25 into the open or undamped position. In that 

way, by retracting and locking the closure trigger 18, an operator may clamp tissue between the 

anvil 24 and channel 22, and may unclamp the tissue following the cutting/stapling operation by 

unlocking the closure trigger 18 from the locked position. 

[0169] The control unit (described further below) may receive the outputs from end-of-stroke 

and beginning-of-stroke sensors 130, 142 and the run-motor sensor 110, and may control the 

motor 65 based on the inputs. For example, when an operator initially pulls the firing trigger 20 

after locking the closure trigger 18, the run-motor sensor 110 is actuated. If the staple cartridge 

34 is present in the end effector 12, a cartridge lockout sensor may be closed, in which case the 

control unit may output a control signal to the motor 65 to cause the motor 65 to rotate in the 

forward direction. When the end effector 12 reaches the end of its stroke, the reverse motor 

sensor 130 will be activated. The control unit may receive this output from the reverse motor 

sensor 130 and cause the motor 65 to reverse its rotational direction. When the knife 32 is fully 

retracted, the stop motor sensor switch 142 is activated, causing the control unit to stop the motor 

65. 

[0170] In other embodiments, rather than a proportional-type sensor 110, an on-off type sensor 

could be used. In such embodiments, the rate of rotation of the motor 65 would not be 

proportional to the force applied by the operator. Rather, the motor 65 would generally rotate at 

a constant rate. But the operator would still experience force feedback because the firing trigger 

20 is geared into the gear drive train. 

[0171] The instrument 10 may include a number of sensor transponders in the end effector 12 

for sensing various conditions related to the end effector 12, such as sensor transponders for 
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determining the status of the staple cartridge 34 ( or other type of cartridge depending on the type 

of surgical instrument), the progress of the stapler during closure and firing, etc. The sensor 

transponders may be passively powered by inductive signals, as described further below, 

although in other embodiments the transponders could be powered by a remote power source, 

such as a battery in the end effector 12, for example. The sensor transponder(s) could include 

magnetoresistive, optical, electromechanical, RFID, MEMS, motion or pressure sensors, for 

example. These sensor transponders may be in communication with a control unit 300, which 

may be housed in the handle 6 of the instrument 10, for example, as shown in Figure 11. 

[0172] As shown in Figure 12, according to various embodiments the control unit 300 may 

comprise a processor 306 and one or more memory units 308. By executing instruction code 

stored in the memory 308, the processor 306 may control various components of the instrument 

10, such as the motor 65 or a user display (not shown), based on inputs received from the various 

end effector sensor transponders and other sensor(s) (such as the run-motor sensor 110, the end­

of-stroke sensor 130, and the beginning-of-stroke sensor 142, for example). The control unit 300 

may be powered by the battery 64 during surgical use of instrument 10. The control unit 300 

may comprise an inductive element 302 (e.g., a coil or antenna) to pick up wireless signals from 

the sensor transponders, as described in more detail below. Input signals received by the 

inductive element 302 acting as a receiving antenna may be demodulated by a demodulator 310 

and decoded by a decoder 312. The input signals may comprise data from the sensor 

transponders in the end effector 12, which the processor 306 may use to control various aspects 

of the instrument 10. 

[0173] To transmit signals to the sensor transponders, the control unit 300 may comprise an 

encoder 316 for encoding the signals and a modulator 318 for modulating the signals according 

to the modulation scheme. The inductive element 302 may act as the transmitting antenna. The 

control unit 300 may communicate with the sensor transponders using any suitable wireless 

communication protocol and any suitable frequency ( e.g., an ISM band). Also, the control unit 

300 may transmit signals at a different frequency range than the frequency range of the received 

signals from the sensor transponders. Also, although only one antenna (inductive element 302) 

is shown in Figure 12, in other embodiments the control unit 300 may have separate receiving 

and transmitting antennas. 
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[0174] According to various embodiments, the control unit 300 may comprise a 

microcontroller, a microprocessor, a field programmable gate array (FPGA), one or more other 

types of integrated circuits ( e.g., RF receivers and PWM controllers), and/or discrete passive 

components. The control units may also be embodied as system-on-chip (SoC) or a system-in­

package (SIP), for example. 

[0175] As shown in Figure 11, the control unit 300 may be housed in the handle 6 of the 

instrument 10 and one or more of the sensor transponders 368 for the instrument 10 may be 

located in the end effector 12. To deliver power and/or transmit data to or from the sensor 

transponders 368 in the end effector 12, the inductive element 302 of the control unit 300 may be 

inductively coupled to a secondary inductive element (e.g., a coil) 320 positioned in the shaft 8 

distally from the rotation joint 29. The secondary inductive element 320 is preferably 

electrically insulated from the conductive shaft 8. 

[0176] The secondary inductive element 320 may be connected by an electrically conductive, 

insulated wire 322 to a distal inductive element (e.g., a coil) 324 located near the end effector 12, 

and preferably distally relative to the articulation pivot 14. The wire 322 may be made of an 

electrically conductive polymer and/or metal (e.g., copper) and may be sufficiently flexible so 

that it could pass though the articulation pivot 14 and not be damaged by articulation. The distal 

inductive element 324 may be inductively coupled to the sensor transponder 368 in, for example, 

the cartridge 34 of the end effector 12. The transponder 368, as described in more detail below, 

may include an antenna ( or coil) for inductive coupling to the distal coil 324, a sensor and 

integrated control electronics for receiving and transmitting wireless communication signals. 

[0177] The transponder 368 may use a portion of the power of the inductive signal received 

from the distal inductive element 326 to passively power the transponder 368. Once sufficiently 

powered by the inductive signals, the transponder 368 may receive and transmit data to the 

control unit 300 in the handle 6 via (i) the inductive coupling between the transponder 368 and 

the distal inductive element 324, (ii) the wire 322, and (iii) the inductive coupling between the 

secondary inductive element 320 and the control unit 300. That way, the control unit 300 may 

communicate with the transponder 368 in the end effector 12 without a direct wired connection 

through complex mechanical joints like the rotating joint 29 and/or without a direct wired 

connection from the shaft 8 to the end effector 12, places where it may be difficult to maintain 

such a wired connection. In addition, because the distances between the inductive elements ( e.g., 
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the spacing between (i) the transponder 368 and the distal inductive element 324, and (ii) the 

secondary inductive element 320 and the control unit 300) and fixed and known, the couplings 

could be optimized for inductive transfer of energy. Also, the distances could be relatively short 

so that relatively low power signals could be used to thereby minimize interference with other 

systems in the use environment of the instrument 10. 

[0178] In the embodiment of Figure 12, the inductive element 302 of the control unit 300 is 

located relatively near to the control unit 300. According to other embodiments, as shown in 

Figure 13, the inductive element 302 of the control unit 300 may be positioned closer to the 

rotating joint 29 to that it is closer to the secondary inductive element 320, thereby reducing the 

distance of the inductive coupling in such an embodiment. Alternatively, the control unit 300 

(and hence the inductive element 302) could be positioned closer to the secondary inductive 

element 320 to reduce the spacing. 

[0179] In other embodiments, more or fewer than two inductive couplings may be used. For 

example, in some embodiments, the surgical instrument 10 may use a single inductive coupling 

between the control unit 300 in the handle 6 and the transponder 368 in the end effector 12, 

thereby eliminating the inductive elements 320, 324 and the wire 322. Of course, in such an 

embodiment, a stronger signal may be required due to the greater distance between the control 

unit 300 in the handle 6 and the transponder 368 in the end effector 12. Also, more than two 

inductive couplings could be used. For example, if the surgical instrument 10 had numerous 

complex mechanical joints where it would be difficult to maintain a direct wired connection, 

inductive couplings could be used to span each such joint. For example, inductive couplers 

could be used on both sides of the rotary joint 29 and both sides of the articulation pivot 14, with 

the inductive element 321 on the distal side of the rotary joint 29 connected by a wire 322 to the 

inductive element 324 of the proximate side of the articulation pivot, and a wire 323 connecting 

the inductive elements 325, 326 on the distal side of the articulation pivot 14 as shown in Figure 

14. In this embodiment, the inductive element 326 may communicate with the sensor 

transponder 368. 

[0180] In addition, the transponder 368 may include a number of different sensors. For 

example, it may include an array of sensors. Further, the end effector 12 could include a number 

of sensor transponders 368 in communication with the distal inductive element 324 (and hence 

the control unit 300). Also, the inductive elements 320, 324 may or may not include ferrite 
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cores. As mentioned before, they are also preferably insulated from the electrically conductive 

outer shaft (or frame) of the instrument 10 (e.g., the closure tubes 40, 42), and the wire 322 is 

also preferably insulated from the outer shaft 8. 

[0181] Figure 15 is a diagram of an end effector 12 including a transponder 368 held or 

embedded in the cartridge 34 at the distal end of the channel 22. The transponder 368 may be 

connected to the cartridge 34 by a suitable bonding material, such as epoxy. In this embodiment, 

the transponder 368 includes a magnetoresistive sensor. The anvil 24 also includes a permanent 

magnet 369 at its distal end and generally facing the transponder 368. The end effector 12 also 

includes a permanent magnet 370 connected to the sled 33 in this example embodiment. This 

allows the transponder 368 to detect both opening/closing of the end effector 12 (due to the 

permanent magnet 369 moving further or closer to the transponder as the anvil 24 opens and 

closes) and completion of the stapling/cutting operation (due to the permanent magnet 370 

moving toward the transponder 368 as the sled 33 traverses the channel 22 as part of the cutting 

operation). 

[0182] Figure 15 also shows the staples 380 and the staple drivers 382 of the staple cartridge 

34. As explained previously, according to various embodiments, when the sled 33 traverses the 

channel 22, the sled 33 drives the staple drivers 382 which drive the staples 380 into the severed 

tissue held in the end effector 12, the staples 380 being formed against the anvil 24. As noted 

above, such a surgical cutting and fastening instrument is but one type of surgical instrument in 

which the present invention may be advantageously employed. Various embodiments of the 

present invention may be used in any type of surgical instrument having one or more sensor 

transponders. 

[0183] In the embodiments described above, the battery 64 powers (at least partially) the firing 

operation of the instrument 10. As such, the instrument may be a so-called "power-assist" 

device. More details and additional embodiments of power-assist devices are described in the 

'573 application, which is incorporated herein. It should be recognized, however, that the 

instrument 10 need not be a power-assist device and that this is merely an example of a type of 

device that may utilize aspects of the present invention. For example, the instrument 10 may 

include a user display (such as a LCD or LED display) that is powered by the battery 64 and 

controlled by the control unit 300. Data from the sensor transponders 368 in the end effector 12 

may be displayed on such a display. 
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[0184] In another embodiment, the shaft 8 of the instrument 10, including for example, the 

proximate closure tube 40 and the distal closure tube 42, may collectively serve as part of an 

antenna for the control unit 300 by radiating signals to the sensor transponder 368 and receiving 

radiated signals from the sensor transponder 368. That way, signals to and from the remote 

sensor in the end effector 12 may be transmitted via the shaft 8 of the instrument 10. 

[0185] The proximate closure tube 40 may be grounded at its proximate end by the exterior 

lower and upper side pieces 59-62, which may be made of a nonelectrically conductive material, 

such as plastic. The drive shaft assembly components (including the main drive shaft 48 and 

secondary drive shaft 50) inside the proximate and distal closure tubes 40, 42 may also be made 

of a nonelectrically conductive material, such as plastic. Further, components of end effector 12 

(such as the anvil 24 and the channel 22) may be electrically coupled to (or in direct or indirect 

electrical contact with) the distal closure tube 42 such that they may also serve as part of the 

antenna. Further, the sensor transponder 368 could be positioned such that it is electrically 

insulated from the components of the shaft 8 and end effector 12 serving as the antenna. For 

example, the sensor transponder 368 may be positioned in the cartridge 34, which may be made 

of a nonelectrically conductive material, such as plastic. Because the distal end of the shaft 8 

(such as the distal end of the distal closure tube 42) and the portions of the end effector 12 

serving as the antenna may be relatively close in distance to the sensor 368, the power for the 

transmitted signals may be held at low levels, thereby minimizing or reducing interference with 

other systems in the use environment of the instrument 10. 

[0186] In such an embodiment, as shown in Figure 16, the control unit 300 may be electrically 

coupled to the shaft 8 of the instrument 10, such as to the proximate closure tube 40, by a 

conductive link 400 (e.g., a wire). Portions of the outer shaft 8, such as the closure tubes 40, 42, 

may therefore act as part of an antenna for the control unit 300 by radiating signals to the sensor 

368 and receiving radiated signals from the sensor 368. Input signals received by the control 

unit 300 may be demodulated by the demodulator 310 and decoded by the decoder 312 (see 

Figure 12). The input signals may comprise data from the sensors 368 in the end effector 12, 

which the processor 306 may use to control various aspects of the instrument 10, such as the 

motor 65 or a user display. 

[0187] To transmit data signals to or from the sensors 368 in the end effector 12, the link 400 

may connect the control unit 300 to components of the shaft 8 of the instrument 10, such as the 
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proximate closure tube 40, which may be electrically connected to the distal closure tube 42. 

The distal closure tube 42 is preferably electrically insulated from the remote sensor 368, which 

may be positioned in the plastic cartridge 34 (see Figure 3). As mentioned before, components 

of the end effector 12, such as the channel 22 and the anvil 24 (see Figure 3), may be conductive 

and in electrical contact with the distal closure tube 42 such that they, too, may serve as part of 

the antenna. 

[0188] With the shaft 8 acting as the antenna for the control unit 300, the control unit 300 can 

communicate with the sensor 368 in the end effector 12 without a direct wired connection. In 

addition, because the distances between shaft 8 and the remote sensor 368 is fixed and known, 

the power levels could be optimized for low levels to thereby minimize interference with other 

systems in the use environment of the instrument 10. The sensor 368 may include 

communication circuitry for radiating signals to the control unit 300 and for receiving signals 

from the control unit 300, as described above. The communication circuitry may be integrated 

with the sensor 368. 

[0189] In another embodiment, the components of the shaft 8 and/or the end effector 12 may 

serve as an antenna for the remote sensor 368. In such an embodiment, the remote sensor 368 is 

electrically connected to the shaft (such as to distal closure tube 42, which may be electrically 

connected to the proximate closure tube 40) and the control unit 300 is insulated from the shaft 8. 

For example, the sensor 368 could be connected to a conductive component of the end effector 

12 (such as the channel 22), which in turn may be connected to conductive components of the 

shaft (e.g., the closure tubes 40, 42). Alternatively, the end effector 12 may include a wire (not 

shown) that connects the remote sensor 368 the distal closure tube 42. 

[0190] Typically, surgical instruments, such as the instrument 10, are cleaned and sterilized 

prior to use. In one sterilization technique, the instrument 10 is placed in a closed and sealed 

container 280, such as a plastic or TYVEK container or bag, as shown in Figs. 17 and 18. The 

container and the instrument are then placed in a field of radiation that can penetrate the 

container, such as gamma radiation, x-rays, or high-energy electrons. The radiation kills bacteria 

on the instrument 10 and in the container 280. The sterilized instrument 10 can then be stored in 

the sterile container 280. The sealed, sterile container 280 keeps the instrument 10 sterile until it 

is opened in a medical facility or some other use environment. Instead of radiation, other means 

of sterilizing the instrument 10 may be used, such as ethylene oxide or steam. 
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[0191] When radiation, such as gamma radiation, is used to sterilize the instrument 10, 

components of the control unit 300, particularly the memory 308 and the processor 306, may be 

damaged and become unstable. Thus, according to various embodiments of the present 

invention, the control unit 300 may be programmed after packaging and sterilization of the 

instrument 10. 

[0192] As shown in Figure 17, a remote programming device 320, which may be a handheld 

device, may be brought into wireless communication with the control unit 300. The remote 

programming device 320 may emit wireless signals that are received by the control unit 300 to 

program the control unit 300 and to power the control unit 300 during the programming 

operation. That way, the battery 64 does not need to power the control unit 300 during the 

programming operation. According to various embodiments, the programming code downloaded 

to the control unit 300 could be of relatively small size, such as 1MB or less, so that a 

communications protocol with a relatively low data transmission rate could be used if desired. 

Also, the remote programming unit 320 could be brought into close physical proximity with the 

surgical instrument 10 so that a low power signal could be used. 

[0193] Referring back to Figure 19, the control unit 300 may comprise an inductive coil 402 to 

pick up wireless signals from a remote programming device 320. A portion of the received 

signal may be used by a power circuit 404 to power the control unit 300 when it is not being 

powered by the battery 64. 

[0194] Input signals received by the coil 402 acting as a receiving antenna may be 

demodulated by a demodulator 410 and decoded by a decoder 412. The input signals may 

comprise programming instructions (e.g., code), which may be stored in a non-volatile memory 

portion of the memory 308. The processor 306 may execute the code when the instrument 10 is 

in operation. For example, the code may cause the processor 306 to output control signals to 

various sub-systems of the instrument 10, such as the motor 65, based on data received from the 

sensors 368. 

[0195] The control unit 300 may also comprise a non-volatile memory unit 414 that comprises 

boot sequence code for execution by the processor 306. When the control unit 300 receives 

enough power from the signals from the remote control unit 320 during the post-sterilization 

programming operation, the processor 306 may first execute the boot sequence code ("boot 

loader") 414, which may load the processor 306 with an operating system. 
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[0196] The control unit 300 may also send signals back to the remote programming unit 320, 

such as acknowledgement and handshake signals, for example. The control unit 300 may 

comprise an encoder 416 for encoding the signals to then be sent to the programming device 320 

and a modulator 418 for modulating the signals according to the modulation scheme. The coil 

402 may act as the transmitting antenna. The control unit 300 and the remote programming 

device 320 may communicate using any suitable wireless communication protocol ( e.g., 

Bluetooth) and any suitable frequency (e.g., an ISM band). Also, the control unit 300 may 

transmit signals at a different frequency range than the frequency range of the received signals 

from the remote programming unit 320. 

[0197] Figure 20 is a simplified diagram of the remote programming device 320 according to 

various embodiments of the present invention. As shown in Figure 20, the remote programming 

unit 320 may comprise a main control board 230 and a boosted antenna board 232. The main 

control board 230 may comprise a controller 234, a power module 236, and a memory 238. The 

memory 238 may stored the operating instructions for the controller 234 as well as the 

programming instructions to be transmitted to the control unit 300 of the surgical instrument 10. 

The power module 236 may provide a stable DC voltage for the components of the remote 

programming device 320 from an internal battery (not shown) or an external AC or DC power 

source (not shown). 

[0198] The boosted antenna board 232 may comprise a coupler circuit 240 that is in 

communication with the controller 234 via an I2C bus, for example. The coupler circuit 240 may 

communicate with the control unit 300 of the surgical instrument via an antenna 244. The 

coupler circuit 240 may handle the modulating/demodulating and encoding/decoding operations 

for transmissions with the control unit. According to other embodiments, the remote 

programming device 320 could have a discrete modulator, demodulator, encoder and decoder. 

As shown in Figure 20, the boost antenna board 232 may also comprise a transmitting power 

amp 246, a matching circuit 248 for the antenna 244, and a filter/amplifier 249 for receiving 

signals. 

[0199] According to other embodiments, as shown in Figure 20, the remote programming 

device could be in communication with a computer device 460, such as a PC or a laptop, via a 

USB and/or RS232 interface, for example. In such a configuration, a memory of the computing 

device 460 may store the programming instructions to be transmitted to the control unit 300. In 

32 

37



Attorney Docket No. END5924USCNT2/060339CON2 

another embodiment, the computing device 460 could be configured with a wireless transmission 

system to transmit the programming instructions to the control unit 300. 

[0200] In addition, according to other embodiments, rather than using inductive coupling 

between the control unit 300 and the remote programming device 320, capacitively coupling 

could be used. In such an embodiment, the control unit 300 could have a plate instead of a coil, 

as could the remote programming unit 320. 

[0201] In another embodiment, rather than using a wireless communication link between the 

control unit 300 and the remote programming device 320, the programming device 320 may be 

physically connected to the control unit 300 while the instrument 10 is in its sterile container 280 

in such a way that the instrument 10 remains sterilized. Figure 21 is a diagram of a packaged 

instrument 10 according to such an embodiment. As shown in Figure 22, the handle 6 of the 

instrument 10 may include an external connection interface 470. The container 280 may further 

comprise a connection interface 472 that mates with the external connection interface 470 of the 

instrument 10 when the instrument 10 is packaged in the container 280. The programming 

device 320 may include an external connection interface (not shown) that may connect to the 

connection interface 472 at the exterior of the container 280 to thereby provide a wired 

connection between the programming device 320 and the external connection interface 470 of 

the instrument 10. 

[0202] Over the years a variety of minimally invasive robotic ( or "telesurgical") systems have 

been developed to increase surgical dexterity as well as to permit a surgeon to operate on a 

patient in an intuitive manner. Many of such systems are disclosed in the following U.S. Patents 

which are each herein incorporated by reference in their respective entirety: U.S. Pat. No. 

5,792,135, entitled "Articulated Surgical Instrument For Performing Minimally Invasive Surgery 

With Enhanced Dexterity and Sensitivity", U.S. Patent No. 6,231,565, entitled "Robotic Arm 

DLUS For Performing Surgical Tasks", U.S. Patent No. 6,783,524, entitled "Robotic Surgical 

Tool With Ultrasound Cauterizing and Cutting Instrument", U.S. Patent No. 6,364,888, entitled 

"Alignment of Master and Slave In a Minimally Invasive Surgical Apparatus", U.S. Patent No. 

7,524,320, entitled "Mechanical Actuator Interface System For Robotic Surgical Tools", U.S. 

Patent No. 7,691,098, entitled Platform Link Wrist Mechanism", U.S. Patent No. 7,806,891, 

entitled "Repositioning and Reorientation of Master/Slave Relationship in Minimally Invasive 

Telesurgery", and U.S. Patent No. 7,824,401, entitled "Surgical Tool With Writed Monopolar 
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Electrosurgical End Effectors". Many of such systems, however, have in the past been unable to 

generate the magnitude of forces required to effectively cut and fasten tissue. 

[0203] FIG. 23 depicts one version of a master controller 1001 that may be used in connection 

with a robotic arm slave cart 1100 of the type depicted in FIG. 23A. Master controller 1001 and 

robotic arm slave cart 1100, as well as their respective components and control systems are 

collectively referred to herein as a robotic system 1000. Examples of such systems and devices 

are disclosed in U.S. Patent No. 7,524,320 which has been herein incorporated by reference. 

Thus, various details of such devices will not be described in detail herein beyond that which 

may be necessary to understand various embodiments and forms of the present invention. As is 

known, the master controller 1001 generally includes master controllers (generally represented as 

1003 in FIG. 23) which are grasped by the surgeon and manipulated in space while the surgeon 

views the procedure via a stereo display 1002. The master controllers 1001 generally comprise 

manual input devices which preferably move with multiple degrees of freedom, and which often 

further have an actuatable handle for actuating tools (for example, for closing grasping saws, 

applying an electrical potential to an electrode, or the like). 

[0204] As can be seen in FIG. 23A, in one form, the robotic arm cart 1100 is configured to 

actuate a plurality of surgical tools, generally designated as 1200. Various robotic surgery 

systems and methods employing master controller and robotic arm cart arrangements are 

disclosed in U.S. Patent No. 6,132,368, entitled "Multi-Component Telepresence System and 

Method", the full disclosure of which is incorporated herein by reference. In various forms, the 

robotic arm cart 1100 includes a base 1002 from which, in the illustrated embodiment, three 

surgical tools 1200 are supported. In various forms, the surgical tools 1200 are each supported 

by a series of manually articulatable linkages, generally referred to as set-up joints 1104, and a 

robotic manipulator 1106. These structures are herein illustrated with protective covers 

extending over much of the robotic linkage. These protective covers may be optional, and may 

be limited in size or entirely eliminated in some embodiments to minimize the inertia that is 

encountered by the servo mechanisms used to manipulate such devices, to limit the volume of 

moving components so as to avoid collisions, and to limit the overall weight of the cart 1100. 

Cart 1100 will generally have dimensions suitable for transporting the cart 1100 between 

operating rooms. The cart 1100 may be configured to typically fit through standard operating 

room doors and onto standard hospital elevators. In various forms, the cart 1100 would 
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preferably have a weight and include a wheel ( or other transportation) system that allows the cart 

1100 to be positioned adjacent an operating table by a single attendant. 

[0205] Referring now to FIG. 24, in at least one form, robotic manipulators 1106 may include a 

linkage 1108 that constrains movement of the surgical tool 1200. In various embodiments, 

linkage 1108 includes rigid links coupled together by rotational joints in a parallelogram 

arrangement so that the surgical tool 1200 rotates around a point in space 1110, as more fully 

described in issued U.S. Pat. No. 5,817,084, the full disclosure of which is herein incorporated 

by reference. The parallelogram arrangement constrains rotation to pivoting about an axis 

1112a, sometimes called the pitch axis. The links supporting the parallelogram linkage are 

pivotally mounted to set-up joints 1104 (FIG. 23A) so that the surgical tool 1200 further rotates 

about an axis 1112b, sometimes called the yaw axis. The pitch and yaw axes 1112a, 1112b 

intersect at the remote center 1114, which is aligned along a shaft 1208 of the surgical tool 1200. 

The surgical tool 1200 may have further degrees of driven freedom as supported by manipulator 

1106, including sliding motion of the surgical tool 1200 along the longitudinal tool axis "LT­

LT". As the surgical tool 1200 slides along the tool axis LT-LT relative to manipulator 1106 

( arrow 1112c ), remote center 1114 remains fixed relative to base 1116 of manipulator 1106. 

Hence, the entire manipulator is generally moved to re-position remote center 1114. Linkage 

1108 of manipulator 1106 is driven by a series of motors 1120. These motors actively move 

linkage 1108 in response to commands from a processor of a control system. As will be 

discussed in further detail below, motors 1120 are also employed to manipulate the surgical tool 

1200. 

[0206] An alternative set-up joint structure is illustrated in FIG. 25. In this embodiment, a 

surgical tool 1200 is supported by an alternative manipulator structure 1106' between two tissue 

manipulation tools. Those of ordinary skill in the art will appreciate that various embodiments of 

the present invention may incorporate a wide variety of alternative robotic structures, including 

those described in U.S. Pat. No. 5,878,193, entitled "Automated Endoscope System For Optimal 

Positioning", the full disclosure of which is incorporated herein by reference. Additionally, 

while the data communication between a robotic component and the processor of the robotic 

surgical system is primarily described herein with reference to communication between the 

surgical tool 1200 and the master controller 1001, it should be understood that similar 

communication may take place between circuitry of a manipulator, a set-up joint, an endoscope 
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or other image capture device, or the like, and the processor of the robotic surgical system for 

component compatibility verification, component-type identification, component calibration 

(such as off-set or the like) communication, confirmation of coupling of the component to the 

robotic surgical system, or the like. 

[0207] An exemplary non-limiting surgical tool 1200 that is well-adapted for use with a robotic 

system 1000 that has a tool drive assembly 1010 (FIG. 27) that is operatively coupled to a master 

controller 1001 that is operable by inputs from an operator (i.e., a surgeon) is depicted in FIG. 

26. As can be seen in that Figure, the surgical tool 1200 includes a surgical end effector 2012 

that comprises an endocutter. In at least one form, the surgical tool 1200 generally includes an 

elongated shaft assembly 2008 that has a proximal closure tube 2040 and a distal closure tube 

2042 that are coupled together by an articulation joint 2011. The surgical tool 1200 is operably 

coupled to the manipulator by a tool mounting portion, generally designated as 1300. The 

surgical tool 1200 further includes an interface 1230 which mechanically and electrically couples 

the tool mounting portion 1300 to the manipulator. One form of interface 1230 is illustrated in 

FIGS. 27-31. In various embodiments, the tool mounting portion 1300 includes a tool mounting 

plate 1302 that operably supports a plurality of (four are shown in FIG. 31) rotatable body 

portions, driven discs or elements 1304, that each include a pair of pins 1306 that extend from a 

surface of the driven element 1304. One pin 1306 is closer to an axis of rotation of each driven 

elements 1304 than the other pin 1306 on the same driven element 1304, which helps to ensure 

positive angular alignment of the driven element 1304. Interface 1230 includes an adaptor 

portion 1240 that is configured to mountingly engage the mounting plate 1302 as will be further 

discussed below. The adaptor portion 1240 may include an array of electrical connecting pins 

1242 (FIG. 29) which may be coupled to a memory structure by a circuit board within the tool 

mounting portion 1300. While interface 1230 is described herein with reference to mechanical, 

electrical, and magnetic coupling elements, it should be understood that a wide variety of 

telemetry modalities might be used, including infrared, inductive coupling, or the like. 

[0208] As can be seen in FIGS. 27-30, the adapter portion 1240 generally includes a tool side 

1244 and a holder side 1246. In various forms, a plurality of rotatable bodies 1250 are mounted 

to a floating plate 1248 which has a limited range of movement relative to the surrounding 

adaptor structure normal to the major surfaces of the adaptor 1240. Axial movement of the 

floating plate 1248 helps decouple the rotatable bodies 1250 from the tool mounting portion 

36 

41



Attorney Docket No. END5924USCNT2/060339CON2 

1300 when the levers 1303 along the sides of the tool mounting portion housing 1301 are 

actuated (See FIG. 26). Other mechanisms/arrangements may be employed for releasably 

coupling the tool mounting portion 1300 to the adaptor 1240. In at least one form, rotatable 

bodies 1250 are resiliently mounted to floating plate 1248 by resilient radial members which 

extend into a circumferential indentation about the rotatable bodies 1250. The rotatable bodies 

1250 can move axially relative to plate 1248 by deflection of these resilient structures. When 

disposed in a first axial position (toward tool side 1244) the rotatable bodies 1250 are free to 

rotate without angular limitation. However, as the rotatable bodies 1250 move axially toward 

tool side 1244, tabs 1252 (extending radially from the rotatable bodies 1250) laterally engage 

detents on the floating plates so as to limit angular rotation of the rotatable bodies 1250 about 

their axes. This limited rotation can be used to help drivingly engage the rotatable bodies 1250 

with drive pins 1272 of a corresponding tool holder portion 1270 of the robotic system 1000, as 

the drive pins 1272 will push the rotatable bodies 1250 into the limited rotation position until the 

pins 1234 are aligned with ( and slide into) openings 1256'. Openings 1256 on the tool side 1244 

and openings 1256' on the holder side 1246 of rotatable bodies 1250 are configured to accurately 

align the driven elements 1304 (FIG. 31) of the tool mounting portion 1300 with the drive 

elements 1271 of the tool holder 1270. As described above regarding inner and outer pins 1306 

of driven elements 1304, the openings 1256, 1256' are at differing distances from the axis of 

rotation on their respective rotatable bodies 1250 so as to ensure that the alignment is not 180 

degrees from its intended position. Additionally, each of the openings 1256 is slightly radially 

elongated so as to fittingly receive the pins 1306 in the circumferential orientation. This allows 

the pins 1306 to slide radially within the openings 1256, 1256' and accommodate some axial 

misalignment between the tool 1200 and tool holder 1270, while minimizing any angular 

misalignment and backlash between the drive and driven elements. Openings 1256 on the tool 

side 1244 are offset by about 90 degrees from the openings 1256' (shown in broken lines) on the 

holder side 1246, as can be seen most clearly in FIG. 30. 

[0209] Various embodiments may further include an array of electrical connector pins 1242 

located on holder side 1246 of adaptor 1240, and the tool side 1244 of the adaptor 1240 may 

include slots 1258 (FIG. 30) for receiving a pin array (not shown) from the tool mounting portion 

1300. In addition to transmitting electrical signals between the surgical tool 1200 and the tool 
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holder 1270, at least some of these electrical connections may be coupled to an adaptor memory 

device 1260 (FIG. 29) by a circuit board of the adaptor 1240. 

[0210] A detachable latch arrangement 1239 may be employed to releasably affix the adaptor 

1240 to the tool holder 1270. As used herein, the term "tool drive assembly" when used in the 

context of the robotic system 1000, at least encompasses various embodiments of the adapter 

1240 and tool holder 1270 and which has been generally designated as 1010 in FIG. 27. For 

example, as can be seen in FIG. 27, the tool holder 1270 may include a first latch pin 

arrangement 1274 that is sized to be received in corresponding clevis slots 1241 provided in the 

adaptor 1240. In addition, the tool holder 1270 may further have second latch pins 1276 that are 

sized to be retained in corresponding latch clevises 1243 in the adaptor 1240. See FIG. 29. In at 

least one form, a latch assembly 1245 is movably supported on the adapter 1240 and is biasable 

between a first latched position wherein the latch pins 1276 are retained within their respective 

latch clevis 1243 and an unlatched position wherein the second latch pins 1276 may be into or 

removed from the latch clevises 1243. A spring or springs (not shown) are employed to bias the 

latch assembly into the latched position. A lip on the tool side 1244 of adaptor 1240 may 

slidably receive laterally extending tabs of tool mounting housing 1301. 

[0211] Turning next to FIGS. 31-38, in at least one embodiment, the surgical tool 1200 

includes a surgical end effector 2012 that comprises in this example, among other things, at least 

one component 2024 that is selectively movable between first and second positions relative to at 

least one other component 2022 in response to various control motions applied thereto as will be 

discussed in further detail below. In various embodiments, component 2022 comprises an 

elongated channel 2022 configured to operably support a surgical staple cartridge 2034 therein 

and component 2024 comprises a pivotally translatable clamping member, such as an anvil 2024. 

Various embodiments of the surgical end effector 2012 are configured to maintain the anvil 2024 

and elongated channel 2022 at a spacing that assures effective stapling and severing of tissue 

clamped in the surgical end effector 2012. As can be seen in FIG. 37, the surgical end effector 

2012 further includes a cutting instrument 2032 and a sled 2033. The cutting instrument 2032 

may be, for example, a knife. The surgical staple cartridge 2034 operably houses a plurality of 

surgical staples (not show) therein that are supported on movable staple drivers (not shown). As 

the cutting instrument 2032 is driven distally through a centrally-disposed slot (not shown) in the 

surgical staple cartridge 2034, it forces the sled 2033 distally as well. As the sled 2033 is driven 
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distally, its "wedge-shaped" configuration contacts the movable staple drivers and drives them 

vertically toward the closed anvil 2024. The surgical staples are formed as they are driven into 

the forming smface located on the underside of the anvil 2024. The sled 2033 may be part of the 

surgical staple cartridge 2034, such that when the cutting instrument 2032 is retracted following 

the cutting operation, the sled 2033 does not retract. The anvil 2024 may be pivotably opened 

and closed at a pivot point 2025 located at the proximal end of the elongated channel 2022. The 

anvil 2024 may also include a tab 2027 at its proximal end that interacts with a component of the 

mechanical closure system (described further below) to facilitate the opening of the anvil 2024. 

The elongated channel 2022 and the anvil 2024 may be made of an electrically conductive 

material (such as metal) so that they may serve as part of an antenna that communicates with 

sensor(s) in the end effector, as described above. The surgical staple cartridge 2034 could be 

made of a nonconductive material (such as plastic) and the sensor may be connected to or 

disposed in the surgical staple cartridge 2034, as was also described above. 

[0212] As can be seen in FIGS. 31-38, the surgical end effector 2012 is attached to the tool 

mounting portion 1300 by an elongated shaft assembly 2008 according to various embodiments. 

As shown in the illustrated embodiment, the shaft assembly 2008 includes an articulation joint 

generally indicated as 2011 that enables the surgical end effector 2012 to be selectively 

articulated about an articulation axis AA-AA that is substantially transverse to a longitudinal tool 

axis LT-LT. See FIG. 32. In other embodiments, the articulation joint is omitted. In various 

embodiments, the shaft assembly 2008 may include a closure tube assembly 2009 that comprises 

a proximal closure tube 2040 and a distal closure tube 2042 that are pivotably linked by a pivot 

links 2044 and operably supported on a spine assembly generally depicted as 2049. In the 

illustrated embodiment, the spine assembly 2049 comprises a distal spine portion 2050 that is 

attached to the elongated channel 2022 and is pivotally coupled to the proximal spine portion 

2052. The closure tube assembly 2009 is configured to axially slide on the spine assembly 2049 

in response to actuation motions applied thereto. The distal closure tube 2042 includes an 

opening 2045 into which the tab 2027 on the anvil 2024 is inserted in order to facilitate opening 

of the anvil 2024 as the distal closure tube 2042 is moved axially in the proximal direction "PD". 

The closure tubes 2040, 2042 may be made of electrically conductive material (such as metal) so 

that they may serve as part of the antenna, as described above. Components of the main drive 
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shaft assembly ( e.g., the drive shafts 2048, 2050) may be made of a nonconductive material 

(such as plastic). 

[0213] In use, it may be desirable to rotate the surgical end effector 2012 about the longitudinal 

tool axis LT-LT. In at least one embodiment, the tool mounting portion 1300 includes a 

rotational transmission assembly 2069 that is configured to receive a corresponding rotary output 

motion from the tool drive assembly 1010 of the robotic system 1000 and convert that rotary 

output motion to a rotary control motion for rotating the elongated shaft assembly 2008 (and 

surgical end effector 2012) about the longitudinal tool axis LT-LT. In various embodiments, for 

example, the proximal end 2060 of the proximal closure tube 2040 is rotatably supported on the 

tool mounting plate 1302 of the tool mounting portion 1300 by a forward support cradle 1309 

and a closure sled 2100 that is also movably supported on the tool mounting plate 1302. In at 

least one form, the rotational transmission assembly 2069 includes a tube gear segment 2062 that 

is formed on ( or attached to) the proximal end 2060 of the proximal closure tube 2040 for 

operable engagement by a rotational gear assembly 2070 that is operably supported on the tool 

mounting plate 1302. As can be seen in FIG. 34, the rotational gear assembly 2070, in at least 

one embodiment, comprises a rotation drive gear 2072 that is coupled to a corresponding first 

one of the driven discs or elements 1304 on the adapter side 1307 of the tool mounting plate 

1302 when the tool mounting portion 1300 is coupled to the tool drive assembly 1010. See FIG. 

31. The rotational gear assembly 2070 further comprises a rotary driven gear 2074 that is 

rotatably supported on the tool mounting plate 1302 in meshing engagement with the tube gear 

segment 2062 and the rotation drive gear 2072. Application of a first rotary output motion from 

the tool drive assembly 1010 of the robotic system 1000 to the corresponding driven element 

1304 will thereby cause rotation of the rotation drive gear 2072. Rotation of the rotation drive 

gear 2072 ultimately results in the rotation of the elongated shaft assembly 2008 (and the 

surgical end effector 2012) about the longitudinal tool axis LT-LT (represented by arrow "R" in 

FIG. 34). It will be appreciated that the application of a rotary output motion from the tool drive 

assembly 1010 in one direction will result in the rotation of the elongated shaft assembly 2008 

and surgical end effector 2012 about the longitudinal tool axis LT-LT in a first direction and an 

application of the rotary output motion in an opposite direction will result in the rotation of the 

elongated shaft assembly 2008 and surgical end effector 2012 in a second direction that is 

opposite to the first direction. 
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[0214] In at least one embodiment, the closure of the anvil 2024 relative to the staple cartridge 

2034 is accomplished by axially moving the closure tube assembly 2009 in the distal direction 

"DD" on the spine assembly 2049. As indicated above, in various embodiments, the proximal 

end 2060 of the proximal closure tube 2040 is supported by the closure sled 2100 which 

comprises a portion of a closure transmission, generally depicted as 2099. In at least one form, 

the closure sled 2100 is configured to support the closure tube 2009 on the tool mounting plate 

1320 such that the proximal closure tube 2040 can rotate relative to the closure sled 2100, yet 

travel axially with the closure sled 2100. In particular, as can be seen in FIG. 39, the closure sled 

2100 has an upstanding tab 2101 that extends into a radial groove 2063 in the proximal end 

portion of the proximal closure tube 2040. In addition, as can be seen in FIGS. 36 and 39, the 

closure sled 2100 has a tab portion 2102 that extends through a slot 1305 in the tool mounting 

plate 1302. The tab portion 2102 is configured to retain the closure sled 2100 in sliding 

engagement with the tool mounting plate 1302. In various embodiments, the closure sled 2100 

has an upstanding portion 2104 that has a closure rack gear 2106 formed thereon. The closure 

rack gear 2106 is configured for driving engagement with a closure gear assembly 2110. See 

FIG. 36. 

[0215] In various forms, the closure gear assembly 2110 includes a closure spur gear 2112 that 

is coupled to a corresponding second one of the driven discs or elements 1304 on the adapter 

side 1307 of the tool mounting plate 1302. See FIG. 31. Thus, application of a second rotary 

output motion from the tool drive assembly 1010 of the robotic system 1000 to the 

corresponding second driven element 1304 will cause rotation of the closure spur gear 2112 

when the tool mounting portion 1300 is coupled to the tool drive assembly 1010. The closure 

gear assembly 2110 further includes a closure reduction gear set 2114 that is supported in 

meshing engagement with the closure spur gear 2112. As can be seen in FIGS. 35 and 36, the 

closure reduction gear set 2114 includes a driven gear 2116 that is rotatably supported in 

meshing engagement with the closure spur gear 2112. The closure reduction gear set 2114 

further includes a first closure drive gear 2118 that is in meshing engagement with a second 

closure drive gear 2120 that is rotatably supported on the tool mounting plate 1302 in meshing 

engagement with the closure rack gear 2106. Thus, application of a second rotary output motion 

from the tool drive assembly 1010 of the robotic system 1000 to the corresponding second driven 

element 1304 will cause rotation of the closure spur gear 2112 and the closure transmission 2110 
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and ultimately drive the closure sled 2100 and closure tube assembly 2009 axially. The axial 

direction in which the closure tube assembly 2009 moves ultimately depends upon the direction 

in which the second driven element 1304 is rotated. For example, in response to one rotary 

output motion received from the tool drive assembly 1010 of the robotic system 1000, the 

closure sled 2100 will be driven in the distal direction "DD" and ultimately drive the closure tube 

assembly 1009 in the distal direction. As the distal closure tube 2042 is driven distally, the end 

of the closure tube segment 2042 will engage a portion of the anvil 2024 and cause the anvil 

2024 to pivot to a closed position. Upon application of an "opening" out put motion from the 

tool drive assembly 1010 of the robotic system 1000, the closure sled 2100 and shaft assembly 

2008 will be driven in the proximal direction "PD". As the distal closure tube 2042 is driven in 

the proximal direction, the opening 2045 therein interacts with the tab 2027 on the anvil 2024 to 

facilitate the opening thereof. In various embodiments, a spring (not shown) may be employed 

to bias the anvil to the open position when the distal closure tube 2042 has been moved to its 

starting position. In various embodiments, the various gears of the closure gear assembly 2110 

are sized to generate the necessary closure forces needed to satisfactorily close the anvil 2024 

onto the tissue to be cut and stapled by the surgical end effector 2012. For example, the gears of 

the closure transmission 2110 may be sized to generate approximately 70-120 pounds. 

[0216] In various embodiments, the cutting instrument 2032 is driven through the surgical end 

effector 2012 by a knife bar 2200. See FIGS. 37 and 39. In at least one form, the knife bar 2200 

may be fabricated from, for example, stainless steel or other similar material and has a 

substantially rectangular cross-sectional shape. Such knife bar configuration is sufficiently rigid 

to push the cutting instrument 2032 through tissue clamped in the surgical end effector 2012, 

while still being flexible enough to enable the surgical end effector 2012 to articulate relative to 

the proximal closure tube 2040 and the proximal spine portion 2052 about the articulation axis 

AA-AA as will be discussed in further detail below. As can be seen in FIGS. 40 and 41, the 

proximal spine portion 2052 has a rectangular-shaped passage 2054 extending therethrough to 

provide support to the knife bar 2200 as it is axially pushed therethrough. The proximal spine 

portion 2052 has a proximal end 2056 that is rotatably mounted to a spine mounting bracket 

2057 attached to the tool mounting plate 1032. See Fig. 39. Such arrangement permits the 

proximal spine portion 2052 to rotate, but not move axially, within the proximal closure tube 

2040. 
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[0217] As shown in FIG. 37, the distal end 2202 of the knife bar 2200 is attached to the cutting 

instrument 2032. The proximal end 2204 of the knife bar 2200 is rotatably affixed to a knife 

rack gear 2206 such that the knife bar 2200 is free to rotate relative to the knife rack gear 2206. 

See FIG. 39. As can be seen in FIGS. 33-38, the knife rack gear 2206 is slidably supported 

within a rack housing 2210 that is attached to the tool mounting plate 1302 such that the knife 

rack gear 2206 is retained in meshing engagement with a knife gear assembly 2220. More 

specifically and with reference to FIG. 36, in at least one embodiment, the knife gear assembly 

2220 includes a knife spur gear 2222 that is coupled to a corresponding third one of the driven 

discs or elements 1304 on the adapter side 1307 of the tool mounting plate 1302. See FIG. 31. 

Thus, application of another rotary output motion from the robotic system 1000 through the tool 

drive assembly 1010 to the corresponding third driven element 1304 will cause rotation of the 

knife spur gear 2222. The knife gear assembly 2220 further includes a knife gear reduction set 

2224 that includes a first knife driven gear 2226 and a second knife drive gear 2228. The knife 

gear reduction set 2224 is rotatably mounted to the tool mounting plate 1302 such that the firs 

knife driven gear 2226 is in meshing engagement with the knife spur gear 2222. Likewise, the 

second knife drive gear 2228 is in meshing engagement with a third knife drive gear 2230 that is 

rotatably supported on the tool mounting plate 1302 in meshing engagement with the knife rack 

gear 2206. In various embodiments, the gears of the knife gear assembly 2220 are sized to 

generate the forces needed to drive the cutting element 2032 through the tissue clamped in the 

surgical end effector 2012 and actuate the staples therein. For example, the gears of the knife 

drive assembly 2230 may be sized to generate approximately 40 to 100 pounds. It will be 

appreciated that the application of a rotary output motion from the tool drive assembly 1010 in 

one direction will result in the axial movement of the cutting instrument 2032 in a distal direction 

and application of the rotary output motion in an opposite direction will result in the axial travel 

of the cutting instrument 2032 in a proximal direction. 

[0218] In various embodiments, the surgical tool 1200 employs and articulation system 2007 

that includes an articulation joint 2011 that enables the surgical end effector 2012 to be 

articulated about an articulation axis AA-AA that is substantially transverse to the longitudinal 

tool axis LT-LT. In at least one embodiment, the surgical tool 1200 includes first and second 

articulation bars 2250a, 2250b that are slidably supported within corresponding passages 2053 

provided through the proximal spine portion 2052. See FIGS. 39 and 41. In at least one form, 
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the first and second articulation bars 2250a, 2250b are actuated by an articulation transmission 

generally designated as 2249 that is operably supported on the tool mounting plate 1032. Each 

of the articulation bars 2250a, 2250b has a proximal end 2252 that has a guide rod protruding 

therefrom which extend laterally through a corresponding slot in the proximal end portion of the 

proximal spine portion 2052 and into a corresponding arcuate slot in an articulation nut 2260 

which comprises a portion of the articulation transmission. FIG. 40 illustrates articulation bar 

2250a. It will be understood that articulation bar 2250b is similarly constructed. As can be seen 

in FIG. 40, for example, the articulation bar 2250a has a guide rod 2254 which extends laterally 

through a corresponding slot 2058 in the proximal end portion 2056 of the distal spine portion 

2050 and into a corresponding arcuate slot 2262 in the articulation nut 2260. In addition, the 

articulation bar 2250a has a distal end 2251a that is pivotally coupled to the distal spine portion 

2050 by, for example, a pin 2253a and articulation bar 2250b has a distal end 2251b that is 

pivotally coupled to the distal spine portion 2050 by, for example, a pin 2253b. In particular, the 

articulation bar 2250a is laterally offset in a first lateral direction from the longitudinal tool axis 

LT-LT and the articulation bar 2250b is laterally offset in a second lateral direction from the 

longitudinal tool axis LT-LT. Thus, axial movement of the articulation bars 2250a and 2250b in 

opposing directions will result in the articulation of the distal spine portion 2050 as well as the 

surgical end effector 2012 attached thereto about the articulation axis AA-AA as will be 

discussed in further detail below. 

[0219] Articulation of the surgical end effector 2012 is controlled by rotating the articulation 

nut 2260 about the longitudinal tool axis LT-LT. The articulation nut 2260 is rotatably journaled 

on the proximal end portion 2056 of the distal spine portion 2050 and is rotatably driven thereon 

by an articulation gear assembly 2270. More specifically and with reference to FIG. 34, in at 

least one embodiment, the articulation gear assembly 2270 includes an articulation spur gear 

2272 that is coupled to a corresponding fourth one of the driven discs or elements 1304 on the 

adapter side 1307 of the tool mounting plate 1302. See FIG. 31. Thus, application of another 

rotary input motion from the robotic system 1000 through the tool drive assembly 1010 to the 

corresponding fourth driven element 1304 will cause rotation of the articulation spur gear 2272 

when the interface 1230 is coupled to the tool holder 1270. An articulation drive gear 2274 is 

rotatably supported on the tool mounting plate 1302 in meshing engagement with the articulation 

spur gear 2272 and a gear portion 2264 of the articulation nut 2260 as shown. As can be seen in 
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FIGS. 39 and 40, the articulation nut 2260 has a shoulder 2266 formed thereon that defines an 

annular groove 2267 for receiving retaining posts 2268 therein. Retaining posts 2268 are 

attached to the tool mounting plate 1302 and serve to prevent the articulation nut 2260 from 

moving axially on the proximal spine portion 2052 while maintaining the ability to be rotated 

relative thereto. Thus, rotation of the articulation nut 2260 in a first direction, will result in the 

axial movement of the articulation bar 2250a in a distal direction "DD" and the axial movement 

of the articulation bar 2250b in a proximal direction "PD" because of the interaction of the guide 

rods 2254 with the spiral slots 2262 in the articulation gear 2260. Similarly, rotation of the 

articulation nut 2260 in a second direction that is opposite to the first direction will result in the 

axial movement of the articulation bar 2250a in the proximal direction "PD" as well as cause 

articulation bar 2250b to axially move in the distal direction "DD". Thus, the surgical end 

effector 2012 may be selectively articulated about articulation axis "AA-AA" in a first direction 

"FD" by simultaneously moving the articulation bar 2250a in the distal direction "DD" and the 

articulation bar 2250b in the proximal direction "PD". Likewise, the surgical end effector 2012 

may be selectively articulated about the articulation axis "AA-AA" in a second direction "SD" 

by simultaneously moving the articulation bar 2250a in the proximal direction "PD" and the 

articulation bar 2250b in the distal direction "DD." See FIG. 32. 

[0220] The tool embodiment described above employs an interface arrangement that is 

particularly well-suited for mounting the robotically controllable medical tool onto at least one 

form of robotic arm arrangement that generates at least four different rotary control motions. 

Those of ordinary skill in the art will appreciate that such rotary output motions may be 

selectively controlled through the programmable control systems employed by the robotic 

system/controller. For example, the tool arrangement described above may be well-suited for 

use with those robotic systems manufactured by Intuitive Surgical, Inc. of Sunnyvale, California, 

U.S.A., many of which may be described in detail in various patents incorporated herein by 

reference. The unique and novel aspects of various embodiments of the present invention serve 

to utilize the rotary output motions supplied by the robotic system to generate specific control 

motions having sufficient magnitudes that enable end effectors to cut and staple tissue. Thus, the 

unique arrangements and principles of various embodiments of the present invention may enable 

a variety of different forms of the tool systems disclosed and claimed herein to be effectively 

employed in connection with other types and forms of robotic systems that supply programmed 

45 

50



Attorney Docket No. END5924USCNT2/060339CON2 

rotary or other output motions. In addition, as will become further apparent as the present 

Detailed Description proceeds, various end effector embodiments of the present invention that 

require other forms of actuation motions may also be effectively actuated utilizing one or more 

of the control motions generated by the robotic system. 

[0221] FIGS. 43-47 illustrate yet another surgical tool 2300 that may be effectively employed 

in connection with the robotic system 1000 that has a tool drive assembly that is operably 

coupled to a controller of the robotic system that is operable by inputs from an operator and 

which is configured to provide at least one rotary output motion to at least one rotatable body 

portion supported on the tool drive assembly. In various forms, the surgical tool 2300 includes a 

surgical end effector 2312 that includes an elongated channel 2322 and a pivotally translatable 

clamping member, such as an anvil 2324, which are maintained at a spacing that assures 

effective stapling and severing of tissue clamped in the surgical end effector 2312. As shown in 

the illustrated embodiment, the surgical end effector 2312 may include, in addition to the 

previously-mentioned elongated channel 2322 and anvil 2324, a cutting instrument 2332 that has 

a sled portion 2333 formed thereon, a surgical staple cartridge 2334 that is seated in the 

elongated channel 2322, and a rotary end effector drive shaft 2336 that has a helical screw thread 

formed thereon. The cutting instrument 2332 may be, for example, a knife. As will be discussed 

in further detail below, rotation of the end effector drive shaft 2336 will cause the cutting 

instrument 2332 and sled portion 2333 to axially travel through the surgical staple cartridge 2334 

to move between a starting position and an ending position. The direction of axial travel of the 

cutting instrument 2332 depends upon the direction in which the end effector drive shaft 2336 is 

rotated. The anvil 2324 may be pivotably opened and closed at a pivot point 2325 connected to 

the proximate end of the elongated channel 2322. The anvil 2324 may also include a tab 2327 at 

its proximate end that operably interfaces with a component of the mechanical closure system 

(described further below) to open and close the anvil 2324. When the end effector drive shaft 

2336 is rotated, the cutting instrument 2332 and sled 2333 will travel longitudinally through the 

surgical staple cartridge 2334 from the starting position to the ending position, thereby cutting 

tissue clamped within the surgical end effector 2312. The movement of the sled 2333 through 

the surgical staple cartridge 2334 causes the staples therein to be driven through the severed 

tissue and against the closed anvil 2324, which turns the staples to fasten the severed tissue. In 

one form, the elongated channel 2322 and the anvil 2324 may be made of an electrically 

46 

51



Attorney Docket No. END5924USCNT2/060339CON2 

conductive material (such as metal) so that they may serve as part of the antenna that 

communicates with sensor(s) in the end effector, as described above. The surgical staple 

cartridge 2334 could be made of a nonconductive material (such as plastic) and the sensor may 

be connected to or disposed in the surgical staple cartridge 2334, as described above. 

[0222] It should be noted that although the embodiments of the surgical tool 2300 described 

herein employ a surgical end effector 2312 that staples the severed tissue, in other embodiments 

different techniques for fastening or sealing the severed tissue may be used. For example, end 

effectors that use RF energy or adhesives to fasten the severed tissue may also be used. U.S. 

Patent No. 5,709,680, entitled "Electrosurgical Hemostatic Device" to Yates et al., and U.S. 

Patent No. 5,688,270, entitled "Electrosurgical Hemostatic Device With Recessed And/Or Offset 

Electrodes" to Yates et al., which are incorporated herein by reference, discloses cutting 

instruments that use RF energy to fasten the severed tissue. U.S. Patent Application Serial No. 

11/267,811 to Morgan et al. and U.S. Patent Application Serial No. 11/267,363 to Shelton et al., 

which are also incorporated herein by reference, disclose cutting instruments that use adhesives 

to fasten the severed tissue. Accordingly, although the description herein refers to 

cutting/stapling operations and the like, it should be recognized that this is an exemplary 

embodiment and is not meant to be limiting. Other tissue-fastening techniques may also be used. 

[0223] In the illustrated embodiment, the surgical end effector 2312 is coupled to an elongated 

shaft assembly 2308 that is coupled to a tool mounting portion 2460 and defines a longitudinal 

tool axis LT-LT. In this embodiment, the elongated shaft assembly 2308 does not include an 

articulation joint. Those of ordinary skill in the art will understand that other embodiments may 

have an articulation joint therein. In at least one embodiment, the elongated shaft assembly 2308 

comprises a hollow outer tube 2340 that is rotatably supported on a tool mounting plate 2462 of 

a tool mounting portion 2460 as will be discussed in further detail below. In various 

embodiments, the elongated shaft assembly 2308 further includes a distal spine shaft 2350. 

Distal spine shaft 2350 has a distal end portion 2354 that is coupled to, or otherwise integrally 

formed with, a distal stationary base portion 2360 that is non-movably coupled to the channel 

2322. See FIGS. 44-46. 

[0224] As shown in FIG. 44, the distal spine shaft 2350 has a proximal end portion 2351 that is 

slidably received within a slot 2355 in a proximal spine shaft 2353 that is non-movably 

supported within the hollow outer tube 2340 by at least one support collar 2357. As can be 
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further seen in FIGS. 44 and 45, the surgical tool 2300 includes a closure tube 2370 that is 

constrained to only move axially relative to the distal stationary base portion 2360. The closure 

tube 2370 has a proximal end 2372 that has an internal thread 2374 formed therein that is in 

threaded engagement with a transmission arrangement, generally depicted as 2375 that is 

operably supported on the tool mounting plate 2462. In various forms, the transmission 

arrangement 2375 includes a rotary drive shaft assembly, generally designated as 2381. When 

rotated, the rotary drive shaft assembly 2381 will cause the closure tube 2370 to move axially as 

will be describe in further detail below. In at least one form, the rotary drive shaft assembly 

2381 includes a closure drive nut 2382 of a closure clutch assembly generally designated as 

2380. More specifically, the closure drive nut 2382 has a proximal end portion 2384 that is 

rotatably supported relative to the outer tube 2340 and is in threaded engagement with the 

closure tube 2370. For assembly purposes, the proximal end portion 2384 may be threadably 

attached to a retention ring 2386. Retention ring 2386, in cooperation with an end 2387 of the 

closure drive nut 2382, defines an annular slot 2388 into which a shoulder 2392 of a locking 

collar 2390 extends. The locking collar 2390 is non-movably attached (e.g., welded, glued, etc.) 

to the end of the outer tube 2340. Such arrangement serves to affix the closure drive nut 2382 to 

the outer tube 2340 while enabling the closure drive nut 2382 to rotate relative to the outer tube 

2340. The closure drive nut 2382 further has a distal end 2383 that has a threaded portion 2385 

that threadably engages the internal thread 2374 of the closure tube 2370. Thus, rotation of the 

closure drive nut 2382 will cause the closure tube 2370 to move axially as represented by arrow 

"D" in FIG. 45. 

[0225] Closure of the anvil 2324 and actuation of the cutting instrument 2332 are 

accomplished by control motions that are transmitted by a hollow drive sleeve 2400. As can be 

seen in FIGS. 44 and 45, the hollow drive sleeve 2400 is rotatably and slidably received on the 

distal spine shaft 2350. The drive sleeve 2400 has a proximal end portion 2401 that is rotatably 

mounted to the proximal spine shaft 2353 that protrudes from the tool mounting portion 2460 

such that the drive sleeve 2400 may rotate relative thereto. See FIG. 44. As can also be seen in 

FIGS. 44-46, the drive sleeve 2400 is rotated about the longitudinal tool axis "LT-LT" by a drive 

shaft 2440. The drive shaft 2440 has a drive gear 2444 that is attached to its distal end 2442 and 

is in meshing engagement with a driven gear 2450 that is attached to the drive sleeve 2400. 
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[0226] The drive sleeve 2400 further has a distal end portion 2402 that is coupled to a closure 

clutch 2410 portion of the closure clutch assembly 2380 that has a proximal face 2412 and a 

distal face 2414. The proximal face 2412 has a series of proximal teeth 2416 formed thereon that 

are adapted for selective engagement with corresponding proximal teeth cavities 2418 formed in 

the proximal end portion 2384 of the closure drive nut 2382. Thus, when the proximal teeth 

2416 are in meshing engagement with the proximal teeth cavities 2418 in the closure drive nut 

2382, rotation of the drive sleeve 2400 will result in rotation of the closure drive nut 2382 and 

ultimately cause the closure tube 2370 to move axially as will be discussed in further detail 

below. 

[0227] As can be most particularly seen in FIGS. 44 and 45, the distal face 2414 of the drive 

clutch portion 2410 has a series of distal teeth 2415 formed thereon that are adapted for selective 

engagement with corresponding distal teeth cavities 2426 formed in a face plate portion 2424 of 

a knife drive shaft assembly 2420. In various embodiments, the knife drive shaft assembly 2420 

comprises a hollow knife shaft segment 2430 that is rotatably received on a corresponding 

portion of the distal spine shaft 2350 that is attached to or protrudes from the stationary base 

2360. When the distal teeth 2415 of the closure clutch portion 2410 are in meshing engagement 

with the distal teeth cavities 2426 in the face plate portion 2424, rotation of the drive sleeve 2400 

will result in rotation of the drive shaft segment 2430 about the stationary shaft 2350. As can be 

seen in FIGS. 44-46, a knife drive gear 2432 is attached to the drive shaft segment 2430 and is 

meshing engagement with a drive knife gear 2434 that is attached to the end effector drive shaft 

2336. Thus, rotation of the drive shaft segment 2430 will result in the rotation of the end effector 

drive shaft 2336 to drive the cutting instrument 2332 and sled 2333 distally through the surgical 

staple cartridge 2334 to cut and staple tissue clamped within the surgical end effector 2312. The 

sled 2333 may be made of, for example, plastic, and may have a sloped distal surface. As the 

sled 2333 traverses the elongated channel 2322, the sloped forward surface of the sled 2333 

pushes up or "drive" the staples in the surgical staple cartridge 2334 through the clamped tissue 

and against the anvil 2324. The anvil 2324 turns or "forms" the staples, thereby stapling the 

severed tissue. As used herein, the term "fire" refers to the initiation of actions required to drive 

the cutting instrument and sled portion in a distal direction through the surgical staple cartridge 

to cut the tissue clamped in the surgical end effector and drive the staples through the severed 

tissue. 
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[0228] In use, it may be desirable to rotate the surgical end effector 2312 about the longitudinal 

tool axis LT-LT. In at least one embodiment, the transmission arrangement 2375 includes a 

rotational transmission assembly 2465 that is configured to receive a corresponding rotary output 

motion from the tool drive assembly 1010 of the robotic system 1000 and convert that rotary 

output motion to a rotary control motion for rotating the elongated shaft assembly 2308 (and 

surgical end effector 2312) about the longitudinal tool axis LT-LT. As can be seen in FIG. 47, a 

proximal end 2341 of the outer tube 2340 is rotatably supported within a cradle arrangement 

2343 attached to the tool mounting plate 2462 of the tool mounting portion 2460. A rotation 

gear 2345 is formed on or attached to the proximal end 2341 of the outer tube 2340 of the 

elongated shaft assembly 2308 for meshing engagement with a rotation gear assembly 2470 

operably supported on the tool mounting plate 2462. In at least one embodiment, a rotation drive 

gear 2472 is coupled to a corresponding first one of the driven discs or elements 1304 on the 

adapter side of the tool mounting plate 2462 when the tool mounting portion 2460 is coupled to 

the tool drive assembly 1010. See FIGS. 31 and 47. The rotation drive assembly 2470 further 

comprises a rotary driven gear 2474 that is rotatably supported on the tool mounting plate 2462 

in meshing engagement with the rotation gear 2345 and the rotation drive gear 2472. 

Application of a first rotary output motion from the robotic system 1000 through the tool drive 

assembly 1010 to the corresponding driven element 1304 will thereby cause rotation of the 

rotation drive gear 2472 by virtue of being operably coupled thereto. Rotation of the rotation 

drive gear 2472 ultimately results in the rotation of the elongated shaft assembly 2308 (and the 

end effector 2312) about the longitudinal tool axis LT-LT (primary rotary motion). 

[0229] Closure of the anvil 2324 relative to the staple cartridge 2034 is accomplished by 

axially moving the closure tube 2370 in the distal direction "DD". Axial movement of the 

closure tube 2370 in the distal direction "DD" is accomplished by applying a rotary control 

motion to the closure drive nut 2382. To apply the rotary control motion to the closure drive nut 

2382, the closure clutch 2410 must first be brought into meshing engagement with the proximal 

end portion 2384 of the closure drive nut 2382. In various embodiments, the transmission 

arrangement 2375 further includes a shifter drive assembly 2480 that is operably supported on 

the tool mounting plate 2462. More specifically and with reference to FIG. 47, it can be seen 

that a proximal end portion 2359 of the proximal spine portion 2353 extends through the rotation 

gear 2345 and is rotatably coupled to a shifter gear rack 2481 that is slidably affixed to the tool 
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mounting plate 2462 through slots 2482. The shifter drive assembly 2480 further comprises a 

shifter drive gear 2483 that is coupled to a corresponding second one of the driven discs or 

elements 1304 on the adapter side of the tool mounting plate 2462 when the tool mounting 

portion 2460 is coupled to the tool holder 1270. See FIGS. 31 and 47. The shifter drive 

assembly 2480 further comprises a shifter driven gear 2478 that is rotatably supported on the tool 

mounting plate 2462 in meshing engagement with the shifter drive gear 2483 and the shifter rack 

gear 2482. Application of a second rotary output motion from the robotic system 1000 through 

the tool drive assembly 1010 to the corresponding driven element 1304 will thereby cause 

rotation of the shifter drive gear 2483 by virtue of being operably coupled thereto. Rotation of 

the shifter drive gear 2483 ultimately results in the axial movement of the shifter gear rack 2482 

and the proximal spine portion 2353 as well as the drive sleeve 2400 and the closure clutch 2410 

attached thereto. The direction of axial travel of the closure clutch 2410 depends upon the 

direction in which the shifter drive gear 2483 is rotated by the robotic system 1000. Thus, 

rotation of the shifter drive gear 2483 in a first rotary direction will result in the axial movement 

of the closure clutch 2410 in the proximal direction "PD" to bring the proximal teeth 2416 into 

meshing engagement with the proximal teeth cavities 2418 in the closure drive nut 2382. 

Conversely, rotation of the shifter drive gear 2483 in a second rotary direction ( opposite to the 

first rotary direction) will result in the axial movement of the closure clutch 2410 in the distal 

direction "DD" to bring the distal teeth 2415 into meshing engagement with corresponding distal 

teeth cavities 2426 formed in the face plate portion 2424 of the knife drive shaft assembly 2420. 

[0230] Once the closure clutch 2410 has been brought into meshing engagement with the 

closure drive nut 2382, the closure drive nut 2382 is rotated by rotating the closure clutch 2410. 

Rotation of the closure clutch 2410 is controlled by applying rotary output motions to a rotary 

drive transmission portion 2490 of transmission arrangement 2375 that is operably supported on 

the tool mounting plate 2462 as shown in FIG. 47. In at least one embodiment, the rotary drive 

transmission 2490 includes a rotary drive assembly 2490' that includes a gear 2491 that is 

coupled to a corresponding third one of the driven discs or elements 1304 on the adapter side of 

the tool mounting plate 2462 when the tool mounting portion 2460 is coupled to the tool holder 

1270. See FIGS. 31 and 47. The rotary drive transmission 2490 further comprises a first rotary 

driven gear 2492 that is rotatably supported on the tool mounting plate 2462 in meshing 
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engagement with a second rotary driven gear 2493 and the rotary drive gear 2491. The second 

rotary driven gear 2493 is coupled to a proximal end portion 2443 of the drive shaft 2440. 

[0231] Rotation of the rotary drive gear 2491 in a first rotary direction will result in the rotation 

of the drive shaft 2440 in a first direction. Conversely, rotation of the rotary drive gear 2491 in a 

second rotary direction ( opposite to the first rotary direction) will cause the drive shaft 2440 to 

rotate in a second direction. As indicated above, the drive shaft 2440 has a drive gear 2444 that 

is attached to its distal end 2442 and is in meshing engagement with a driven gear 2450 that is 

attached to the drive sleeve 2400. Thus, rotation of the drive shaft 2440 results in rotation of the 

drive sleeve 2400. 

[0232] A method of operating the surgical tool 2300 will now be described. Once the tool 

mounting portion 2462 has been operably coupled to the tool holder 1270 of the robotic system 

1000 and oriented into position adjacent the target tissue to be cut and stapled, if the anvil 2334 

is not already in the open position (FIG. 44), the robotic system 1000 may apply the first rotary 

output motion to the shifter drive gear 2483 which results in the axial movement of the closure 

clutch 2410 into meshing engagement with the closure drive nut 2382 (if it is not already in 

meshing engagement therewith). See FIG. 45. Once the controller 1001 of the robotic system 

1000 has confirmed that the closure clutch 2410 is meshing engagement with the closure drive 

nut 2382 (e.g., by means of sensor(s)) in the surgical end effector 2312 that are in 

communication with the robotic control system), the robotic controller 1001 may then apply a 

second rotary output motion to the rotary drive gear 2492 which, as was described above, 

ultimately results in the rotation of the rotary drive nut 2382 in the first direction which results in 

the axial travel of the closure tube 2370 in the distal direction "DD". As the closure tube 2370 

moved in the distal direction, it contacts a portion of the anvil 2323 and causes the anvil 2324 to 

pivot to the closed position to clamp the target tissue between the anvil 2324 and the surgical 

staple cartridge 2334. Once the robotic controller 1001 determines that the anvil 2334 has been 

pivoted to the closed position by corresponding sensor(s) in the surgical end effector 2312 in 

communication therewith, the robotic system 1000 discontinues the application of the second 

rotary output motion to the rotary drive gear 2491. The robotic controller 1001 may also provide 

the surgeon with an indication that the anvil 2334 has been fully closed. The surgeon may then 

initiate the firing procedure. In alternative embodiments, the firing procedure may be 

automatically initiated by the robotic controller 1001. The robotic controller 1001 then applies 
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the primary rotary control motion 2483 to the shifter drive gear 2483 which results in the axial 

movement of the closure clutch 2410 into meshing engagement with the face plate portion 2424 

of the knife drive shaft assembly 2420. See FIG. 46. Once the controller 1001 of the robotic 

system 1000 has confirmed that the closure clutch 2410 is meshing engagement with the face 

plate portion 2424 (by means of sensor(s)) in the end effector 2312 that are in communication 

with the robotic controller 1001), the robotic controller 1001 may then apply the second rotary 

output motion to the rotary drive gear 2492 which, as was described above, ultimately results in 

the axial movement of the cutting instrument 2332 and sled portion 2333 in the distal direction 

"DD" through the surgical staple cartridge 2334. As the cutting instrument 2332 moves distally 

through the surgical staple cartridge 2334, the tissue clamped therein is severed. As the sled 

portion 2333 is driven distally, it causes the staples within the surgical staple cartridge to be 

driven through the severed tissue into forming contact with the anvil 2324. Once the robotic 

controller 1001 has determined that the cutting instrument 2324 has reached the end position 

within the surgical staple cartridge 2334 (by means of sensor(s)) in the end effector 2312 that are 

in communication with the robotic controller 1001), the robotic controller 1001 discontinues the 

application of the second rotary output motion to the rotary drive gear 2491. Thereafter, the 

robotic controller 1001 applies the secondary rotary output motion to the rotary drive gear 2491 

which ultimately results in the axial travel of the cutting instrument 2332 and sled portion 2333 

in the proximal direction "PD" to the starting position. Once the robotic controller lO0lhas 

determined that the cutting instrument 2324 has reached the starting position by means of 

sensor(s) in the surgical end effector 2312 that are in communication with the robotic controller 

1001, the robotic controller 1001 discontinues the application of the secondary rotary output 

motion to the rotary drive gear 2491. Thereafter, the robotic controller 1001 applies the primary 

rotary output motion to the shifter drive gear 2483 to cause the closure clutch 2410 to move into 

engagement with the rotary drive nut 2382. Once the closure clutch 2410 has been moved into 

meshing engagement with the rotary drive nut 2382, the robotic controller 1001 then applies the 

secondary output motion to the rotary drive gear 2491 which ultimately results in the rotation of 

the rotary drive nut 2382 in the second direction to cause the closure tube 2370 to move in the 

proximal direction "PD". As can be seen in FIGS. 44-46, the closure tube 2370 has an opening 

2345 therein that engages the tab 2327 on the anvil 2324 to cause the anvil 2324 to pivot to the 

open position. In alternative embodiments, a spring may also be employed to pivot the anvil 
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2324 to the open position when the closure tube 2370 has been returned to the starting position 

(FIG. 44). 

[0233] FIGS. 48-52 illustrate yet another surgical tool 2500 that may be effectively employed 

in connection with the robotic system 1000. In various forms, the surgical tool 2500 includes a 

surgical end effector 2512 that includes a "first portion" in the form of an elongated channel 

2522 and a "second movable portion" in the form of a pivotally translatable clamping member, 

such as an anvil 2524, which are maintained at a spacing that assures effective stapling and 

severing of tissue clamped in the surgical end effector 2512. As shown in the illustrated 

embodiment, the surgical end effector 2512 may include, in addition to the previously-mentioned 

elongated channel 2522 and anvil 2524, a "third movable portion" in the form of a cutting 

instrument 2532, a sled (not shown), and a surgical staple cartridge 2534 that is removably 

seated in the elongated channel 2522. The cutting instrument 2532 may be, for example, a knife. 

The anvil 2524 may be pivotably opened and closed at a pivot point 2525 connected to the 

proximate end of the elongated channel 2522. The anvil 2524 may also include a tab 2527 at its 

proximate end that is configured to operably interface with a component of the mechanical 

closure system (described further below) to open and close the anvil 2524. When actuated, the 

knife 2532 and sled travel longitudinally along the elongated channel 2522, thereby cutting tissue 

clamped within the surgical end effector 2512. The movement of the sled along the elongated 

channel 2522 causes the staples of the surgical staple cartridge 2534 to be driven through the 

severed tissue and against the closed anvil 2524, which turns the staples to fasten the severed 

tissue. In one form, the elongated channel 2522 and the anvil 2524 may be made of an 

electrically conductive material (such as metal) so that they may serve as part of the antenna that 

communicates with sensor(s) in the surgical end effector, as described above. The surgical staple 

cartridge 2534 could be made of a nonconductive material (such as plastic) and the sensor may 

be connected to or disposed in the surgical staple cartridge 2534, as described above. 

[0234] It should be noted that although the embodiments of the surgical tool 2500 described 

herein employ a surgical end effector 2512 that staples the severed tissue, in other embodiments 

different techniques for fastening or sealing the severed tissue may be used. For example, end 

effectors that use RF energy or adhesives to fasten the severed tissue may also be used. U.S. 

Patent No. 5,709,680, entitled "Electrosurgical Hemostatic Device" to Yates et al., and U.S. 

Patent No. 5,688,270, entitled "Electrosurgical Hemostatic Device With Recessed And/Or Offset 
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Electrodes" to Yates et al., which are incorporated herein by reference, discloses cutting 

instruments that use RF energy to fasten the severed tissue. U.S. Patent Application Serial No. 

11/267,811 to Morgan et al. and U.S. Patent Application Serial No. 11/267,363 to Shelton et al., 

which are also incorporated herein by reference, disclose cutting instruments that use adhesives 

to fasten the severed tissue. Accordingly, although the description herein refers to 

cutting/stapling operations and the like, it should be recognized that this is an exemplary 

embodiment and is not meant to be limiting. Other tissue-fastening techniques may also be used. 

[0235] In the illustrated embodiment, the elongated channel 2522 of the surgical end effector 

2512 is coupled to an elongated shaft assembly 2508 that is coupled to a tool mounting portion 

2600. As shown in FIG. 48, the elongated shaft assembly 2508 may include an articulation joint 

2511 of the type and construction described herein to permit the surgical end effector 2512 to be 

selectively articulated about an axis that is substantially transverse to the tool axis LT-LT. Other 

embodiments, however, may lack an articulation joint arrangement. In at least one embodiment, 

the elongated shaft assembly 2508 comprises a hollow spine tube 2540 that is non-movably 

coupled to a tool mounting plate 2602 of the tool mounting portion 2600. As can be seen in 

FIGS. 49 and 50, the proximal end 2523 of the elongated channel 2522 comprises a hollow 

tubular structure configured to be attached to the distal end 2541 of the spine tube 2540. In one 

embodiment, for example, the proximal end 2523 of the elongated channel 2522 is welded or 

glued to the distal end of the spine tube 2540. 

[0236] As can be further seen in FIGS. 49 and 50, in at least one non-limiting embodiment, the 

surgical tool 2500 further includes an axially movable actuation member in the form of a closure 

tube 2550 that is constrained to move axially relative to the elongated channel 2522 and the spine 

tube 1540. The closure tube 2550 has a proximal end 2552 that has an internal thread 2554 

formed therein that is in threaded engagement with a rotatably movable portion in the form of a 

closure drive nut 2560. More specifically, the closure drive nut 2560 has a proximal end portion 

2562 that is rotatably supported relative to the elongated channel 2522 and the spine tube 2540. 

For assembly purposes, the proximal end portion 2562 is threadably attached to a retention ring 

2570. The retention ring 2570 is received in a groove 2529 formed between a shoulder 2527 on 

the proximal end 2523 of the elongated channel 2522 and the distal end 2541 of the spine tube 

1540. Such arrangement serves to rotatably support the closure drive nut 2560 within the 

55 

60



Attorney Docket No. END5924USCNT2/060339CON2 

elongated channel 2522. Rotation of the closure drive nut 2560 will cause the closure tube 2550 

to move axially as represented by arrow "D" in FIG. 49. 

[0237] Extending through the spine tube 2540 and the closure drive nut 2560 is a drive 

member which, in at least one embodiment, comprises a knife bar 2580 that has a distal end 

portion 2582 that is rotatably coupled to the cutting instrument 2532 such that the knife bar 2580 

may rotate relative to the cutting instrument 2582. As can be seen in FIG. 49-51, the closure 

drive nut 2560 has a slot 2564 therein through which the knife bar 2580 can slidably extend. 

Such arrangement permits the knife bar 2580 to move axially relative to the closure drive nut 

2560. However, rotation of the knife bar 2580 about the longitudinal tool axis LT-LT will also 

result in the rotation of the closure drive nut 2560. The axial direction in which the closure tube 

2550 moves ultimately depends upon the direction in which the knife bar 2580 and the closure 

drive nut 2560 are rotated. As the closure tube 2550 is driven distally, the distal end thereof will 

contact the anvil 2524 and cause the anvil 2524 to pivot to a closed position. Upon application 

of an opening rotary output motion from the robotic system 1000, the closure tube 2550 will be 

driven in the proximal direction "PD" and pivot the anvil 2524 to the open position by virtue of 

the engagement of the tab 2527 with the opening 2555 in the closure tube 2550. 

[0238] In use, it may be desirable to rotate the surgical end effector 2512 about the longitudinal 

tool axis LT-LT. In at least one embodiment, the tool mounting portion 2600 is configured to 

receive a corresponding first rotary output motion from the robotic system 1000 and convert that 

first rotary output motion to a rotary control motion for rotating the elongated shaft assembly 

2508 about the longitudinal tool axis LT-LT. As can be seen in FIG. 47, a proximal end 2542 of 

the hollow spine tube 2540 is rotatably supported within a cradle arrangement 2603 attached to a 

tool mounting plate 2602 of the tool mounting portion 2600. Various embodiments of the 

surgical tool 2500 further include a transmission arrangement, generally depicted as 2605, that is 

operably supported on the tool mounting plate 2602. In various forms the transmission 

arrangement 2605 include a rotation gear 2544 that is formed on or attached to the proximal end 

2542 of the spine tube 2540 for meshing engagement with a rotation drive assembly 2610 that is 

operably supported on the tool mounting plate 2602. In at least one embodiment, a rotation drive 

gear 2612 is coupled to a corresponding first one of the rotational bodies, driven discs or 

elements 1304 on the adapter side of the tool mounting plate 2602 when the tool mounting 

portion 2600 is coupled to the tool holder 1270. See FIGS. 31 and 52. The rotation drive 
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assembly 2610 further comprises a rotary driven gear 2614 that is rotatably supported on the tool 

mounting plate 2602 in meshing engagement with the rotation gear 2544 and the rotation drive 

gear 2612. Application of a first rotary output motion from the robotic system 1000 through the 

tool drive assembly 1010 to the corresponding driven rotational body 1304 will thereby cause 

rotation of the rotation drive gear 2612 by virtue of being operably coupled thereto. Rotation of 

the rotation drive gear 2612 ultimately results in the rotation of the elongated shaft assembly 

2508 (and the end effector 2512) about the longitudinal tool axis LT-LT. 

[0239] Closure of the anvil 2524 relative to the surgical staple cartridge 2534 is accomplished 

by axially moving the closure tube 2550 in the distal direction "DD". Axial movement of the 

closure tube 2550 in the distal direction "DD" is accomplished by applying a rotary control 

motion to the closure drive nut 2382. In various embodiments, the closure drive nut 2560 is 

rotated by applying a rotary output motion to the knife bar 2580. Rotation of the knife bar 2580 

is controlled by applying rotary output motions to a rotary closure system 2620 that is operably 

supported on the tool mounting plate 2602 as shown in FIG. 52. In at least one embodiment, the 

rotary closure system 2620 includes a closure drive gear 2622 that is coupled to a corresponding 

second one of the driven rotatable body portions discs or elements 1304 on the adapter side of 

the tool mounting plate 2462 when the tool mounting portion 2600 is coupled to the tool holder 

1270. See FIGS. 31 and 52. The closure drive gear 2622, in at least one embodiment, is in 

meshing driving engagement with a closure gear train, generally depicted as 2623. The closure 

gear drive rain 2623 comprises a first driven closure gear 2624 that is rotatably supported on the 

tool mounting plate 2602. The first closure driven gear 2624 is attached to a second closure 

driven gear 2626 by a drive shaft 2628. The second closure driven gear 2626 is in meshing 

engagement with a third closure driven gear 2630 that is rotatably supported on the tool 

mounting plate 2602. Rotation of the closure drive gear 2622 in a second rotary direction will 

result in the rotation of the third closure driven gear 2630 in a second direction. Conversely, 

rotation of the closure drive gear 2483 in a secondary rotary direction ( opposite to the second 

rotary direction) will cause the third closure driven gear 2630 to rotate in a secondary direction. 

[0240] As can be seen in FIG. 52, a drive shaft assembly 2640 is coupled to a proximal end of 

the knife bar 2580. In various embodiments, the drive shaft assembly 2640 includes a proximal 

portion 2642 that has a square cross-sectional shape. The proximal portion 2642 is configured to 

slideably engage a correspondingly shaped aperture in the third driven gear 2630. Such 
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arrangement results in the rotation of the drive shaft assembly 2640 (and knife bar 2580) when 

the third driven gear 2630 is rotated. The drive shaft assembly 2640 is axially advanced in the 

distal and proximal directions by a knife drive assembly 2650. One form of the knife drive 

assembly 2650 comprises a rotary drive gear 2652 that is coupled to a corresponding third one of 

the driven rotatable body portions, discs or elements 1304 on the adapter side of the tool 

mounting plate 2462 when the tool mounting portion 2600 is coupled to the tool holder 1270. 

See FIGS. 31 and 52. The rotary driven gear 2652 is in meshing driving engagement with a gear 

train, generally depicted as 2653. In at least one form, the gear train 2653 further comprises a 

first rotary driven gear assembly 2654 that is rotatably supported on the tool mounting plate 

2602. The first rotary driven gear assembly 2654 is in meshing engagement with a third rotary 

driven gear assembly 2656 that is rotatably supported on the tool mounting plate 2602 and which 

is in meshing engagement with a fourth rotary driven gear assembly 2658 that is in meshing 

engagement with a threaded portion 2644 of the drive shaft assembly 2640. Rotation of the 

rotary drive gear 2652 in a third rotary direction will result in the axial advancement of the drive 

shaft assembly 2640 and knife bar 2580 in the distal direction "DD". Conversely, rotation of the 

rotary drive gear 2652 in a tertiary rotary direction ( opposite to the third rotary direction) will 

cause the drive shaft assembly 2640 and the knife bar 2580 to move in the proximal direction. 

[0241] A method of operating the surgical tool 2500 will now be described. Once the tool 

mounting portion 2600 has been operably coupled to the tool holder 1270 of the robotic system 

1000, the robotic system 1000 can orient the surgical end effector 2512 in position adjacent the 

target tissue to be cut and stapled. If the anvil 2524 is not already in the open position (FIG. 49), 

the robotic system 1000 may apply the second rotary output motion to the closure drive gear 

2622 which results in the rotation of the knife bar 2580 in a second direction. Rotation of the 

knife bar 2580 in the second direction results in the rotation of the closure drive nut 2560 in a 

second direction. As the closure drive nut 2560 rotates in the second direction, the closure tube 

2550 moves in the proximal direction "PD". As the closure tube 2550 moves in the proximal 

direction "PD", the tab 2527 on the anvil 2524 interfaces with the opening 2555 in the closure 

tube 2550 and causes the anvil 2524 to pivot to the open position. In addition or in alternative 

embodiments, a spring (not shown) may be employed to pivot the anvil 2354 to the open position 

when the closure tube 2550 has been returned to the starting position (FIG. 49). The opened 

surgical end effector 2512 may then be manipulated by the robotic system 1000 to position the 
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target tissue between the open anvil 2524 and the surgical staple cartridge 2534. Thereafter, the 

surgeon may initiate the closure process by activating the robotic control system 1000 to apply 

the second rotary output motion to the closure drive gear 2622 which, as was described above, 

ultimately results in the rotation of the closure drive nut 2382 in the second direction which 

results in the axial travel of the closure tube 2250 in the distal direction "DD". As the closure 

tube 2550 moves in the distal direction, it contacts a portion of the anvil 2524 and causes the 

anvil 2524 to pivot to the closed position to clamp the target tissue between the anvil 2524 and 

the staple cartridge 2534. Once the robotic controller 1001 determines that the anvil 2524 has 

been pivoted to the closed position by corresponding sensor(s) in the end effector 2512 that are 

in communication therewith, the robotic controller 1001 discontinues the application of the 

second rotary output motion to the closure drive gear 2622. The robotic controller 1001 may 

also provide the surgeon with an indication that the anvil 2524 has been fully closed. The 

surgeon may then initiate the firing procedure. In alternative embodiments, the firing procedure 

may be automatically initiated by the robotic controller 1001. 

[0242] After the robotic controller 1001 has determined that the anvil 2524 is in the closed 

position, the robotic controller 1001 then applies the third rotary output motion to the rotary 

drive gear 2652 which results in the axial movement of the drive shaft assembly 2640 and knife 

bar 2580 in the distal direction "DD". As the cutting instrument 2532 moves distally through the 

surgical staple cartridge 2534, the tissue clamped therein is severed. As the sled portion (not 

shown) is driven distally, it causes the staples within the surgical staple cartridge 2534 to be 

driven through the severed tissue into forming contact with the anvil 2524. Once the robotic 

controller 1001 has determined that the cutting instrument 2532 has reached the end position 

within the surgical staple cartridge 2534 by means of sensor(s) in the surgical end effector 2512 

that are in communication with the robotic controller 1001, the robotic controller 1001 

discontinues the application of the second rotary output motion to the rotary drive gear 2652. 

Thereafter, the robotic controller 1001 applies the secondary rotary control motion to the rotary 

drive gear 2652 which ultimately results in the axial travel of the cutting instrument 2532 and 

sled portion in the proximal direction "PD" to the starting position. Once the robotic controller 

1001 has determined that the cutting instrument 2524 has reached the starting position by means 

of sensor(s) in the end effector 2512 that are in communication with the robotic controller 1001, 

the robotic controller 1001 discontinues the application of the secondary rotary output motion to 
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the rotary drive gear 2652. Thereafter, the robotic controller 1001 may apply the secondary 

rotary output motion to the closure drive gear 2622 which results in the rotation of the knife bar 

2580 in a secondary direction. Rotation of the knife bar 2580 in the secondary direction results 

in the rotation of the closure drive nut 2560 in a secondary direction. As the closure drive nut 

2560 rotates in the secondary direction, the closure tube 2550 moves in the proximal direction 

"PD" to the open position. 

[0243] FIGS. 53-58B illustrate yet another surgical tool 2700 that may be effectively employed 

in connection with the robotic system 1000. In various forms, the surgical tool 2700 includes a 

surgical end effector 2712 that includes a "first portion" in the form of an elongated channel 

2722 and a "second movable portion" in on form comprising a pivotally translatable clamping 

member, such as an anvil 2724, which are maintained at a spacing that assures effective stapling 

and severing of tissue clamped in the surgical end effector 2712. As shown in the illustrated 

embodiment, the surgical end effector 2712 may include, in addition to the previously-mentioned 

channel 2722 and anvil 2724, a "third movable portion" in the form of a cutting instrument 2732, 

a sled (not shown), and a surgical staple cartridge 2734 that is removably seated in the elongated 

channel 2722. The cutting instrument 2732 may be, for example, a knife. The anvil 2724 may 

be pivotably opened and closed at a pivot point 2725 connected to the proximal end of the 

elongated channel 2722. The anvil 2724 may also include a tab 2727 at its proximal end that 

interfaces with a component of the mechanical closure system (described further below) to open 

and close the anvil 2724. When actuated, the knife 2732 and sled to travel longitudinally along 

the elongated channel 2722, thereby cutting tissue clamped within the surgical end effector 2712. 

The movement of the sled along the elongated channel 2722 causes the staples of the surgical 

staple cartridge 2734 to be driven through the severed tissue and against the closed anvil 2724, 

which turns the staples to fasten the severed tissue. In one form, the elongated channel 2722 and 

the anvil 2724 may be made of an electrically conductive material (such as metal) so that they 

may serve as part of the antenna that communicates with sensor(s) in the surgical end effector, as 

described above. The surgical staple cartridge 2734 could be made of a nonconductive material 

(such as plastic) and the sensor may be connected to or disposed in the surgical staple cartridge 

2734, as described above. 

[0244] It should be noted that although the embodiments of the surgical tool 2500 described 

herein employ a surgical end effector 2712 that staples the severed tissue, in other embodiments 
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different techniques for fastening or sealing the severed tissue may be used. For example, end 

effectors that use RF energy or adhesives to fasten the severed tissue may also be used. U.S. 

Patent No. 5,709,680, entitled "Electrosurgical Hemostatic Device" to Yates et al., and U.S. 

Patent No. 5,688,270, entitled "Electrosurgical Hemostatic Device With Recessed And/Or Offset 

Electrodes" to Yates et al., which are incorporated herein by reference, discloses cutting 

instruments that use RF energy to fasten the severed tissue. U.S. Patent Application Serial No. 

11/267,811 to Morgan et al. and U.S. Patent Application Serial No. 11/267,363 to Shelton et al., 

which are also incorporated herein by reference, disclose cutting instruments that use adhesives 

to fasten the severed tissue. Accordingly, although the description herein refers to 

cutting/stapling operations and the like, it should be recognized that this is an exemplary 

embodiment and is not meant to be limiting. Other tissue-fastening techniques may also be used. 

[0245] In the illustrated embodiment, the elongated channel 2722 of the surgical end effector 

2712 is coupled to an elongated shaft assembly 2708 that is coupled to a tool mounting portion 

2900. Although not shown, the elongated shaft assembly 2708 may include an articulation joint 

to permit the surgical end effector 2712 to be selectively articulated about an axis that is 

substantially transverse to the tool axis LT-LT. In at least one embodiment, the elongated shaft 

assembly 2708 comprises a hollow spine tube 2740 that is non-movably coupled to a tool 

mounting plate 2902 of the tool mounting portion 2900. As can be seen in FIGS. 54 and 55, the 

proximal end 2723 of the elongated channel 2722 comprises a hollow tubular structure that is 

attached to the spine tube 2740 by means of a mounting collar 2790. A cross-sectional view of 

the mounting collar 2790 is shown in FIG. 56. In various embodiments, the mounting collar 

2790 has a proximal flanged end 2791 that is configured for attachment to the distal end of the 

spine tube 2740. In at least one embodiment, for example, the proximal flanged end 2791 of the 

mounting collar 2790 is welded or glued to the distal end of the spine tube 2740. As can be 

further seen in FIGS. 54 and 55, the mounting collar 2790 further has a mounting hub portion 

2792 that is sized to receive the proximal end 2723 of the elongated channel 2722 thereon. The 

proximal end 2723 of the elongated channel 2722 is non-movably attached to the mounting hub 

portion 2792 by, for example, welding, adhesive, etc. 

[0246] As can be further seen in FIGS. 54 and 55, the surgical tool 2700 further includes an 

axially movable actuation member in the form of a closure tube 2750 that is constrained to move 

axially relative to the elongated channel 2722. The closure tube 2750 has a proximal end 2752 
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that has an internal thread 2754 formed therein that is in threaded engagement with a rotatably 

movable portion in the form of a closure drive nut 2760. More specifically, the closure drive nut 

2760 has a proximal end portion 2762 that is rotatably supported relative to the elongated 

channel 2722 and the spine tube 2740. For assembly purposes, the proximal end portion 2762 is 

threadably attached to a retention ring 2770. The retention ring 2770 is received in a groove 

2729 formed between a shoulder 2727 on the proximal end 2723 of the channel 2722 and the 

mounting hub 2729 of the mounting collar 2790. Such arrangement serves to rotatably support 

the closure drive nut 2760 within the channel 2722. Rotation of the closure drive nut 2760 will 

cause the closure tube 2750 to move axially as represented by arrow "D" in FIG. 54. 

[0247] Extending through the spine tube 2740, the mounting collar 2790, and the closure drive 

nut 2760 is a drive member, which in at least one embodiment, comprises a knife bar 2780 that 

has a distal end portion 2782 that is coupled to the cutting instrument 2732. As can be seen in 

FIGS. 54 and 55, the mounting collar 2790 has a passage 2793 therethrough for permitting the 

knife bar 2780 to slidably pass therethrough. Similarly, the closure drive nut 2760 has a slot 

2764 therein through which the knife bar 2780 can slidably extend. Such arrangement permits 

the knife bar 2780 to move axially relative to the closure drive nut 2760. 

[0248] Actuation of the anvil 2724 is controlled by a rotary driven closure shaft 2800. As can 

be seen in FIGS. 54 and 55, a distal end portion 2802 of the closure drive shaft 2800 extends 

through a passage 2794 in the mounting collar 2790 and a closure gear 2804 is attached thereto. 

The closure gear 2804 is configured for driving engagement with the inner surface 2761 of the 

closure drive nut 2760. Thus, rotation of the closure shaft 2800 will also result in the rotation of 

the closure drive nut 2760. The axial direction in which the closure tube 2750 moves ultimately 

depends upon the direction in which the closure shaft 2800 and the closure drive nut 2760 are 

rotated. For example, in response to one rotary closure motion received from the robotic system 

1000, the closure tube 2750 will be driven in the distal direction "DD". As the closure tube 2750 

is driven distally, the opening 2745 will engage the tab 2727 on the anvil 2724 and cause the 

anvil 2724 to pivot to a closed position. Upon application of an opening rotary motion from the 

robotic system 1000, the closure tube 2750 will be driven in the proximal direction "PD" and 

pivot the anvil 2724 to the open position. In various embodiments, a spring (not shown) may be 

employed to bias the anvil 2724 to the open position (FIG. 54). 
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[0249] In use, it may be desirable to rotate the surgical end effector 2712 about the longitudinal 

tool axis LT-LT. In at least one embodiment, the tool mounting portion 2900 is configured to 

receive a corresponding first rotary output motion from the robotic system 1000 for rotating the 

elongated shaft assembly 2708 about the tool axis LT-LT. As can be seen in FIG. 58, a proximal 

end 2742 of the hollow spine tube 2740 is rotatably supported within a cradle arrangement 2903 

and a bearing assembly 2904 that are attached to a tool mounting plate 2902 of the tool mounting 

portion 2900. A rotation gear 2744 is formed on or attached to the proximal end 2742 of the 

spine tube 2740 for meshing engagement with a rotation drive assembly 2910 that is operably 

supported on the tool mounting plate 2902. In at least one embodiment, a rotation drive gear 

2912 is coupled to a corresponding first one of the driven discs or elements 1304 on the adapter 

side of the tool mounting plate 2602 when the tool mounting portion 2600 is coupled to the tool 

holder 1270. See FIGS. 31 and 58. The rotation drive assembly 2910 further comprises a rotary 

driven gear 2914 that is rotatably supported on the tool mounting plate 2902 in meshing 

engagement with the rotation gear 2744 and the rotation drive gear 2912. Application of a first 

rotary control motion from the robotic system 1000 through the tool holder 1270 and the adapter 

1240 to the corresponding driven element 1304 will thereby cause rotation of the rotation drive 

gear 2912 by virtue of being operably coupled thereto. Rotation of the rotation drive gear 2912 

ultimately results in the rotation of the elongated shaft assembly 2708 (and the end effector 

2712) about the longitudinal tool axis LT-LT (primary rotary motion). 

[0250] Closure of the anvil 2724 relative to the staple cartridge 2734 is accomplished by 

axially moving the closure tube 2750 in the distal direction "DD". Axial movement of the 

closure tube 2750 in the distal direction "DD" is accomplished by applying a rotary control 

motion to the closure drive nut 2760. In various embodiments, the closure drive nut 2760 is 

rotated by applying a rotary output motion to the closure drive shaft 2800. As can be seen in 

FIG. 58, a proximal end portion 2806 of the closure drive shaft 2800 has a driven gear 2808 

thereon that is in meshing engagement with a closure drive assembly 2920. In various 

embodiments, the closure drive system 2920 includes a closure drive gear 2922 that is coupled to 

a corresponding second one of the driven rotational bodies or elements 1304 on the adapter side 

of the tool mounting plate 2462 when the tool mounting portion 2900 is coupled to the tool 

holder 1270. See FIGS. 31 and 58. The closure drive gear 2922 is supported in meshing 

engagement with a closure gear train, generally depicted as 2923. In at least one form, the 
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closure gear rain 2923 comprises a first driven closure gear 2924 that is rotatably supported on 

the tool mounting plate 2902. The first closure driven gear 2924 is attached to a second closure 

driven gear 2926 by a drive shaft 2928. The second closure driven gear 2926 is in meshing 

engagement with a planetary gear assembly 2930. In various embodiments, the planetary gear 

assembly 2930 includes a driven planetary closure gear 2932 that is rotatably supported within 

the bearing assembly 2904 that is mounted on tool mounting plate 2902. As can be seen in 

FIGS. 58 and 58B, the proximal end portion 2806 of the closure drive shaft 2800 is rotatably 

supported within the proximal end portion 2742 of the spine tube 2740 such that the driven gear 

2808 is in meshing engagement with central gear teeth 2934 formed on the planetary gear 2932. 

As can also be seen in FIG. 58A, two additional support gears 2936 are attached to or rotatably 

supported relative to the proximal end portion 27 42 of the spine tube 27 40 to provide bearing 

support thereto. Such arrangement with the planetary gear assembly 2930 serves to 

accommodate rotation of the spine shaft 2740 by the rotation drive assembly 2910 while 

permitting the closure driven gear 2808 to remain in meshing engagement with the closure drive 

system 2920. In addition, rotation of the closure drive gear 2922 in a first direction will 

ultimately result in the rotation of the closure drive shaft 2800 and closure drive nut 2760 which 

will ultimately result in the closure of the anvil 2724 as described above. Conversely, rotation of 

the closure drive gear 2922 in a second opposite direction will ultimately result in the rotation of 

the closure drive nut 2760 in an opposite direction which results in the opening of the anvil 2724. 

[0251] As can be seen in FIG. 52, the proximal end 2784 of the knife bar 2780 has a threaded 

shaft portion 2786 attached thereto which is in driving engagement with a knife drive assembly 

2940. In various embodiments, the threaded shaft portion 2786 is rotatably supported by a 

bearing 2906 attached to the tool mounting plate 2902. Such arrangement permits the threaded 

shaft portion 2786 to rotate and move axially relative to the tool mounting plate 2902. The knife 

bar 2780 is axially advanced in the distal and proximal directions by the knife drive assembly 

2940. One form of the knife drive assembly 2940 comprises a rotary drive gear 2942 that is 

coupled to a corresponding third one of the rotatable bodies, driven discs or elements 1304 on 

the adapter side of the tool mounting plate 2902 when the tool mounting portion 2900 is coupled 

to the tool holder 1270. See FIGS. 31 and 58. The rotary drive gear 2942 is in meshing 

engagement with a knife gear train, generally depicted as 2943. In various embodiments, the 

knife gear train 2943 comprises a first rotary driven gear assembly 2944 that is rotatably 
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supported on the tool mounting plate 2902. The first rotary driven gear assembly 2944 is in 

meshing engagement with a third rotary driven gear assembly 2946 that is rotatably supported on 

the tool mounting plate 2902 and which is in meshing engagement with a fourth rotary driven 

gear assembly 2948 that is in meshing engagement with the threaded portion 2786 of the knife 

bar 2780. Rotation of the rotary drive gear 2942 in one direction will result in the axial 

advancement of the knife bar 2780 in the distal direction "DD". Conversely, rotation of the 

rotary drive gear 2942 in an opposite direction will cause the knife bar 2780 to move in the 

proximal direction. Tool 2700 may otherwise be used as described above. 

[0252] FIGS. 59 and 60 illustrate a surgical tool embodiment 2700 that is substantially 

identical to tool 2700 that was described in detail above. However tool 2700' includes a pressure 

sensor 2950 that is configured to provide feedback to the robotic controller 1001 concerning the 

amount of clamping pressure experienced by the anvil 2724. In various embodiments, for 

example, the pressure sensor may comprise a spring biased contact switch. For a continuous 

signal, it would use either a cantilever beam with a strain gage on it or a dome button top with a 

strain gage on the inside. Another version may comprise an off switch that contacts only at a 

known desired load. Such arrangement would include a dome on the based wherein the dome is 

one electrical pole and the base is the other electrical pole. Such arrangement permits the robotic 

controller 1001 to adjust the amount of clamping pressure being applied to the tissue within the 

surgical end effector 2712 by adjusting the amount of closing pressure applied to the anvil 2724. 

Those of ordinary skill in the art will understand that such pressure sensor arrangement may be 

effectively employed with several of the surgical tool embodiments described herein as well as 

their equivalent structures. 

[0253] FIG. 61 illustrates a portion of another surgical tool 3000 that may be effectively used 

in connection with a robotic system 1000. The surgical tool 3003 employs on-board motor(s) for 

powering various components of a surgical end effector cutting instrument. In at least one non­

limiting embodiment for example, the surgical tool 3000 includes a surgical end effector in the 

form of an endocutter (not shown) that has an anvil (not shown) and surgical staple cartridge 

arrangement (not shown) of the types and constructions described above. The surgical tool 3000 

also includes an elongated shaft (not shown) and anvil closure arrangement (not shown) of the 

types described above. Thus, this portion of the Detailed Description will not repeat the 
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description of those components beyond that which is necessary to appreciate the unique and 

novel attributes of the various embodiments of surgical tool 3000. 

[0254] In the depicted embodiment, the end effector includes a cutting instrument 3002 that is 

coupled to a knife bar 3003. As can be seen in FIG. 61, the surgical tool 3000 includes a tool 

mounting portion 3010 that includes a tool mounting plate 3012 that is configured to mountingly 

interface with the adaptor portion 1240' which is coupled to the robotic system 1000 in the 

various manners described above. The tool mounting portion 3010 is configured to operably 

support a transmission arrangement 3013 thereon. In at least one embodiment, the adaptor 

portion 1240' may be identical to the adaptor portion 1240 described in detail above without the 

powered rotation bodies and disc members employed by adapter 1240. In other embodiments, 

the adaptor portion 1240' may be identical to adaptor portion 1240. Still other modifications 

which are considered to be within the spirit and scope of the various forms of the present 

invention may employ one or more of the mechanical motions (i.e., rotary motion(s)) from the 

tool holder portion 1270 (as described hereinabove) to power/actuate the transmission 

arrangement 3013 while also employing one or more motors within the tool mounting portion 

3010 to power one or more other components of the surgical end effector. In addition, while the 

end effector of the depicted embodiment comprises an endocutter, those of ordinary skill in the 

art will understand that the unique and novel attributes of the depicted embodiment may be 

effectively employed in connection with other types of surgical end effectors without departing 

from the spirit and scope of various forms of the present invention. 

[0255] In various embodiments, the tool mounting plate 3012 is configured to at least house a 

first firing motor 3011 for supplying firing and retraction motions to the knife bar 3003 which is 

coupled to or otherwise operably interfaces with the cutting instrument 3002. The tool mounting 

plate 3012 has an array of electrical connecting pins 3014 which are configured to interface with 

the slots 1258 (FIG. 30) in the adapter 1240'. Such arrangement permits the controller 1001 of 

the robotic system 1000 to provide control signals to the electronic control circuit 3020 of the 

surgical tool 3000. While the interface is described herein with reference to mechanical, 

electrical, and magnetic coupling elements, it should be understood that a wide variety of 

telemetry modalities might be used, including infrared, inductive coupling, or the like. 

[0256] Control circuit 3020 is shown in schematic form in FIG. 61. In one form or 

embodiment, the control circuit 3020 includes a power supply in the form of a battery 3022 that 
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is coupled to an on-off solenoid powered switch 3024. Control circuit 3020 further includes an 

on/off firing solenoid 3026 that is coupled to a double pole switch 3028 for controlling the 

rotational direction of the motor 3011. Thus, when the controller 1001 of the robotic system 

1000 supplies an appropriate control signal, switch 3024 will permit battery 3022 to supply 

power to the double pole switch 3028. The controller 1001 of the robotic system 1000 will also 

supply an appropriate signal to the double pole switch 3028 to supply power to the motor 3011. 

When it is desired to fire the surgical end effector (i.e., drive the cutting instrument 3002 distally 

through tissue clamped in the surgical end effector, the double pole switch 3028 will be in a first 

position. When it is desired to retract the cutting instrument 3002 to the starting position, the 

double pole switch 3028 will be moved to the second position by the controller 1001. 

[0257] Various embodiments of the surgical tool 3000 also employ a gear box 3030 that is 

sized, in cooperation with a firing gear train 3031 that, in at least one non-limiting embodiment, 

comprises a firing drive gear 3032 that is in meshing engagement with a firing driven gear 3034 

for generating a desired amount of driving force necessary to drive the cutting instrument 3002 

through tissue and to drive and form staples in the various manners described herein. In the 

embodiment depicted in FIG. 61, the driven gear 3034 is coupled to a screw shaft 3036 that is in 

threaded engagement with a screw nut arrangement 3038 that is constrained to move axially 

(represented by arrow "D"). The screw nut arrangement 3038 is attached to the firing bar 3003. 

Thus, by rotating the screw shaft 3036 in a first direction, the cutting instrument 3002 is driven 

in the distal direction "DD" and rotating the screw shaft in an opposite second direction, the 

cutting instrument 3002 may be retracted in the proximal direction "PD". 

[0258] FIG. 62 illustrates a portion of another surgical tool 3000' that is substantially identical 

to tool 3000 described above, except that the driven gear 3034 is attached to a drive shaft 3040. 

The drive shaft 3040 is attached to a second driver gear 3042 that is in meshing engagement with 

a third driven gear 3044 that is in meshing engagement with a screw 3046 coupled to the firing 

bar 3003. 

[0259] FIG. 63 illustrates another surgical tool 3200 that may be effectively used in connection 

with a robotic system 1000. In this embodiment, the surgical tool 3200 includes a surgical end 

effector 3212 that in one non-limiting form, comprises a component portion that is selectively 

movable between first and second positions relative to at least one other end effector component 

portion. As will be discussed in further detail below, the surgical tool 3200 employs on-board 
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motors for powering various components of a transmission arrangement 3305. The surgical end 

effector 3212 includes an elongated channel 3222 that operably supports a surgical staple 

cartridge 3234. The elongated channel 3222 has a proximal end 3223 that slidably extends into a 

hollow elongated shaft assembly 3208 that is coupled to a tool mounting portion 3300. In 

addition, the surgical end effector 3212 includes an anvil 3224 that is pivotally coupled to the 

elongated channel 3222 by a pair of trunnions 3225 that are received within corresponding 

openings 3229 in the elongated channel 3222. A distal end portion 3209 of the shaft assembly 

3208 includes an opening 3245 into which a tab 3227 on the anvil 3224 is inserted in order to 

open the anvil 3224 as the elongated channel 3222 is moved axially in the proximal direction 

"PD" relative to the distal end portion 3209 of the shaft assembly 3208. In various 

embodiments, a spring (not shown) may be employed to bias the anvil 3224 to the open position. 

[0260] As indicated above, the surgical tool 3200 includes a tool mounting portion 3300 that 

includes a tool mounting plate 3302 that is configured to operably support the transmission 

arrangement 3305 and to mountingly interface with the adaptor portion 1240' which is coupled 

to the robotic system 1000 in the various manners described above. In at least one embodiment, 

the adaptor portion 1240' may be identical to the adaptor portion 1240 described in detail above 

without the powered disc members employed by adapter 1240. In other embodiments, the 

adaptor portion 1240' may be identical to adaptor portion 1240. However, in such embodiments, 

because the various components of the surgical end effector 3212 are all powered by motor(s) in 

the tool mounting portion 3300, the surgical tool 3200 will not employ or require any of the 

mechanical (i.e., non-electrical) actuation motions from the tool holder portion 1270 to power the 

surgical end effector 3200 components. Still other modifications which are considered to be 

within the spirit and scope of the various forms of the present invention may employ one or more 

of the mechanical motions from the tool holder portion 1270 ( as described hereinabove) to 

power/actuate one or more of the surgical end effector components while also employing one or 

more motors within the tool mounting portion to power one or more other components of the 

surgical end effector. 

[0261] In various embodiments, the tool mounting plate 3302 is configured to support a first 

firing motor 3310 for supplying firing and retraction motions to the transmission arrangement 

3305 to drive a knife bar 3335 that is coupled to a cutting instrument 3332 of the type described 

above. As can be seen in FIG. 63, the tool mounting plate 3212 has an array of electrical 
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connecting pins 3014 which are configured to interface with the slots 1258 (FIG. 30) in the 

adapter 1240'. Such arrangement permits the controller 1001 of the robotic system 1000 to 

provide control signals to the electronic control circuits 3320, 3340 of the surgical tool 3200. 

While the interface is described herein with reference to mechanical, electrical, and magnetic 

coupling elements, it should be understood that a wide variety of telemetry modalities might be 

used, including infrared, inductive coupling, or the like. 

[0262] In one form or embodiment, the first control circuit 3320 includes a first power supply 

in the form of a first battery 3322 that is coupled to a first on-off solenoid powered switch 3324. 

The first firing control circuit 3320 further includes a first on/off firing solenoid 3326 that is 

coupled to a first double pole switch 3328 for controlling the rotational direction of the first 

firing motor 3310. Thus, when the robotic controller 1001 supplies an appropriate control signal, 

the first switch 3324 will permit the first battery 3322 to supply power to the first double pole 

switch 3328. The robotic controller 1001 will also supply an appropriate signal to the first 

double pole switch 3328 to supply power to the first firing motor 3310. When it is desired to fire 

the surgical end effector (i.e., drive the cutting instrument 3232 distally through tissue clamped 

in the surgical end effector 3212, the first switch 3328 will be positioned in a first position by the 

robotic controller 1001. When it is desired to retract the cutting instrument 3232 to the starting 

position, the robotic controller 1001 will send the appropriate control signal to move the first 

switch 3328 to the second position. 

[0263] Various embodiments of the surgical tool 3200 also employ a first gear box 3330 that is 

sized, in cooperation with a firing drive gear 3332 coupled thereto that operably interfaces with a 

firing gear train 3333. In at least one non-limiting embodiment, the firing gear train 333 

comprises a firing driven gear 3334 that is in meshing engagement with drive gear 3332, for 

generating a desired amount of driving force necessary to drive the cutting instrument 3232 

through tissue and to drive and form staples in the various manners described herein. In the 

embodiment depicted in FIG. 63, the driven gear 3334 is coupled to a drive shaft 3335 that has a 

second driven gear 3336 coupled thereto. The second driven gear 3336 is supported in meshing 

engagement with a third driven gear 3337 that is in meshing engagement with a fourth driven 

gear 3338. The fourth driven gear 3338 is in meshing engagement with a threaded proximal 

portion 3339 of the knife bar 3235 that is constrained to move axially. Thus, by rotating the 

drive shaft 3335 in a first direction, the cutting instrument 3232 is driven in the distal direction 
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"DD" and rotating the drive shaft 3335 in an opposite second direction, the cutting instrument 

3232 may be retracted in the proximal direction "PD". 

[0264] As indicated above, the opening and closing of the anvil 3224 is controlled by axially 

moving the elongated channel 3222 relative to the elongated shaft assembly 3208. The axial 

movement of the elongated channel 3222 is controlled by a closure control system 3339. In 

various embodiments, the closure control system 3339 includes a closure shaft 3340 which has a 

hollow threaded end portion 3341 that threadably engages a threaded closure rod 3342. The 

threaded end portion 3341 is rotatably supported in a spine shaft 3343 that operably interfaces 

with the tool mounting portion 3300 and extends through a portion of the shaft assembly 3208 as 

shown. The closure system 3339 further comprises a closure control circuit 3350 that includes a 

second power supply in the form of a second battery 3352 that is coupled to a second on-off 

solenoid powered switch 3354. Closure control circuit 3350 further includes a second on/off 

firing solenoid 3356 that is coupled to a second double pole switch 3358 for controlling the 

rotation of a second closure motor 3360. Thus, when the robotic controller 1001 supplies an 

appropriate control signal, the second switch 3354 will permit the second battery 3352 to supply 

power to the second double pole switch 3354. The robotic controller 1001 will also supply an 

appropriate signal to the second double pole switch 3358 to supply power to the second motor 

3360. When it is desired to close the anvil 3224, the second switch 3348 will be in a first 

position. When it is desired to open the anvil 3224, the second switch 3348 will be moved to a 

second position. 

[0265] Various embodiments of tool mounting portion 3300 also employ a second gear box 

3362 that is coupled to a closure drive gear 3364. The closure drive gear 3364 is in meshing 

engagement with a closure gear train 3363. In various non-limiting forms, the closure gear train 

3363 includes a closure driven gear 3365 that is attached to a closure drive shaft 3366. Also 

attached to the closure drive shaft 3366 is a closure drive gear 3367 that is in meshing 

engagement with a closure shaft gear 3360 attached to the closure shaft 3340. FIG. 63 depicts 

the end effector 3212 in the open position. As indicated above, when the threaded closure rod 

3342 is in the position depicted in FIG. 63, a spring (not shown) biases the anvil 3224 to the 

open position. When it is desired to close the anvil 3224, the robotic controller 1001 will 

activate the second motor 3360 to rotate the closure shaft 3340 to draw the threaded closure rod 
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3342 and the channel 3222 in the proximal direction 'PD'. As the anvil 3224 contacts the distal 

end portion 3209 of the shaft 3208, the anvil 3224 is pivoted to the closed position. 

[0266] A method of operating the surgical tool 3200 will now be described. Once the tool 

mounting portion 3302 has be operably coupled to the tool holder 1270 of the robotic system 

1000, the robotic system 1000 can orient the end effector 3212 in position adjacent the target 

tissue to be cut and stapled. If the anvil 3224 is not already in the open position, the robotic 

controller 1001 may activate the second closure motor 3360 to drive the channel 3222 in the 

distal direction to the position depicted in FIG. 63. Once the robotic controller 1001 determines 

that the surgical end effector 3212 is in the open position by sensor(s) in the and effector and/or 

the tool mounting portion 3300, the robotic controller 1001 may provide the surgeon with a 

signal to inform the surgeon that the anvil 3224 may then be closed. Once the target tissue is 

positioned between the open anvil 3224 and the surgical staple cartridge 3234, the surgeon may 

then commence the closure process by activating the robotic controller 1001 to apply a closure 

control signal to the second closure motor 3360. The second closure motor 3360 applies a rotary 

motion to the closure shaft 3340 to draw the channel 3222 in the proximal direction "PD" until 

the anvil 3224 has been pivoted to the closed position. Once the robotic controller 1001 

determines that the anvil 3224 has been moved to the closed position by sensor(s) in the surgical 

end effector 3212 and/or in the tool mounting portion 3300 that are in communication with the 

robotic control system, the motor 3360 may be deactivated. Thereafter, the firing process may 

be commenced either manually by the surgeon activating a trigger, button, etc. on the controller 

1001 or the controller 1001 may automatically commence the firing process. 

[0267] To commence the firing process, the robotic controller 1001 activates the firing motor 

3310 to drive the firing bar 3235 and the cutting instrument 3232 in the distal direction "DD". 

Once robotic controller 1001 has determined that the cutting instrument 3232 has moved to the 

ending position within the surgical staple cartridge 3234 by means of sensors in the surgical end 

effector 3212 and/or the motor drive portion 3300, the robotic controller 1001 may provide the 

surgeon with an indication signal. Thereafter the surgeon may manually activate the first motor 

3310 to retract the cutting instrument 3232 to the starting position or the robotic controller 1001 

may automatically activate the first motor 3310 to retract the cutting element 3232. 

[0268] The embodiment depicted in FIG. 63 does not include an articulation joint. FIGS. 64 

and 65 illustrate surgical tools 3200' and 3200" that have end effectors 3212', 3212", 
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respectively that may be employed with an elongated shaft embodiment that has an articulation 

joint of the various types disclosed herein. For example, as can be seen in FIG. 64, a threaded 

closure shaft 3342 is coupled to the proximal end 3223 of the elongated channel 3222 by a 

flexible cable or other flexible member 3345. The location of an articulation joint (not shown) 

within the elongated shaft assembly 3208 will coincide with the flexible member 3345 to enable 

the flexible member 3345 to accommodate such articulation. In addition, in the above-described 

embodiment, the flexible member 33345 is rotatably affixed to the proximal end portion 3223 of 

the elongated channel 3222 to enable the flexible member 3345 to rotate relative thereto to 

prevent the flexible member 3229 from "winding up" relative to the channel 3222. Although not 

shown, the cutting element may be driven in one of the above described manners by a knife bar 

that can also accommodate articulation of the elongated shaft assembly. FIG. 65 depicts a 

surgical end effector 3212" that is substantially identical to the surgical end effector 3212 

described above, except that the threaded closure rod 3342 is attached to a closure nut 3347 that 

is constrained to only move axially within the elongated shaft assembly 3208. The flexible 

member 3345 is attached to the closure nut 3347. Such arrangement also prevents the threaded 

closure rod 3342 from winding-up the flexible member 3345. A flexible knife bar 3235' may be 

employed to facilitate articulation of the surgical end effector 3212". 

[0269] The surgical tools 3200, 3200', and 3200" described above may also employ anyone of 

the cutting instrument embodiments described herein. As described above, the anvil of each of 

the end effectors of these tools is closed by drawing the elongated channel into contact with the 

distal end of the elongated shaft assembly. Thus, once the target tissue has been located between 

the staple cartridge 3234 and the anvil 3224, the robotic controller 1001 can start to draw the 

channel 3222 inward into the shaft assembly 3208. In various embodiments, however, to prevent 

the end effector 3212, 3212', 3212" from moving the target tissue with the end effector during 

this closing process, the controller 1001 may simultaneously move the tool holder and ultimately 

the tool such to compensate for the movement of the elongated channel 3222 so that, in effect, 

the target tissue is clamped between the anvil and the elongated channel without being otherwise 

moved. 

[0270] FIGS. 66-68 depict another surgical tool embodiment 3201 that is substantially identical 

to surgical tool 3200" described above, except for the differences discussed below. In this 

embodiment, the threaded closure rod 3342' has variable pitched grooves. More specifically, as 
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can be seen in FIG. 67, the closure rod 3342' has a distal groove section 3380 and a proximal 

groove section 3382. The distal and proximal groove sections 3380, 3382 are configured for 

engagement with a lug 3390 supported within the hollow threaded end portion 3341 '. As can be 

seen in FIG. 67, the distal groove section 3380 has a finer pitch than the groove section 3382. 

Thus, such variable pitch arrangement permits the elongated channel 3222 to be drawn into the 

shaft 3208 at a first speed or rate by virtue of the engagement between the lug 3390 and the 

proximal groove segment 3382. When the lug 3390 engages the distal groove segment, the 

channel 3222 will be drawn into the shaft 3208 at a second speed or rate. Because the proximal 

groove segment 3382 is coarser than the distal groove segment 3380, the first speed will be 

greater than the second speed. Such arrangement serves to speed up the initial closing of the end 

effector for tissue manipulation and then after the tissue has been properly positioned therein, 

generate the amount of closure forces to properly clamp the tissue for cutting and sealing. Thus, 

the anvil 3234 initially closes fast with a lower force and then applies a higher closing force as 

the anvil closes more slowly. 

[0271] The surgical end effector opening and closing motions are employed to enable the user 

to use the end effector to grasp and manipulate tissue prior to fully clamping it in the desired 

location for cutting and sealing. The user may, for example, open and close the surgical end 

effector numerous times during this process to orient the end effector in a proper position which 

enables the tissue to be held in a desired location. Thus, in at least some embodiments, to 

produce the high loading for firing, the fine thread may require as many as 5-10 full rotations to 

generate the necessary load. In some cases, for example, this action could take as long as 2-5 

seconds. If it also took an equally long time to open and close the end effector each time during 

the positioning/tissue manipulation process, just positioning the end effector may take an 

undesirably long time. If that happens, it is possible that a user may abandon such use of the end 

effector for use of a conventional grasper device. Use of graspers, etc. may undesirably increase 

the costs associated with completing the surgical procedure. 

[0272] The above-described embodiments employ a battery or batteries to power the motors 

used to drive the end effector components. Activation of the motors is controlled by the robotic 

system 1000. In alternative embodiments, the power supply may comprise alternating current 

"AC" that is supplied to the motors by the robotic system 1000. That is, the AC power would be 

supplied from the system powering the robotic system 1000 through the tool holder and adapter. 
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In still other embodiments, a power cord or tether may be attached to the tool mounting portion 

3300 to supply the requisite power from a separate source of alternating or direct current. 

[0273] In use, the controller 1001 may apply an initial rotary motion to the closure shaft 3340 

(FIG. 63) to draw the elongated channel 3222 axially inwardly into the elongated shaft assembly 

3208 and move the anvil from a first position to an intermediate position at a first rate that 

corresponds with the point wherein the distal groove section 3380 transitions to the proximal 

groove section 3382. Further application of rotary motion to the closure shaft 3340 will cause 

the anvil to move from the intermediate position to the closed position relative to the surgical 

staple cartridge. When in the closed position, the tissue to be cut and stapled is properly clamped 

between the anvil and the surgical staple cartridge. 

[0274] FIGS. 69-73 illustrate another surgical tool embodiment 3400 of the present invention. 

This embodiment includes an elongated shaft assembly 3408 that extends from a tool mounting 

portion 3500. The elongated shaft assembly 3408 includes a rotatable proximal closure tube 

segment 3410 that is rotatably journaled on a proximal spine member 3420 that is rigidly 

coupled to a tool mounting plate 3502 of the tool mounting portion 3500. The proximal spine 

member 3420 has a distal end 3422 that is coupled to an elongated channel portion 3522 of a 

surgical end effector 3412. For example, in at least one embodiment, the elongated channel 

portion 3522 has a distal end portion 3523 that "hookingly engages" the distal end 3422 of the 

spine member 3420. The elongated channel 3522 is configured to support a surgical staple 

cartridge 3534 therein. This embodiment may employ one of the various cutting instrument 

embodiments disclosed herein to sever tissue that is clamped in the surgical end effector 3412 

and fire the staples in the staple cartridge 3534 into the severed tissue. 

[0275] Surgical end effector 3412 has an anvil 3524 that is pivotally coupled to the elongated 

channel 3522 by a pair of trunnions 3525 that are received in corresponding openings 3529 in the 

elongated channel 3522. The anvil 3524 is moved between the open (FIG. 69) and closed 

positions (FIGS. 70-72) by a distal closure tube segment 3430. A distal end portion 3432 of the 

distal closure tube segment 3430 includes an opening 3445 into which a tab 3527 on the anvil 

3524 is inserted in order to open and close the anvil 3524 as the distal closure tube segment 3430 

moves axially relative thereto. In various embodiments, the opening 3445 is shaped such that as 

the closure tube segment 3430 is moved in the proximal direction, the closure tube segment 3430 
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causes the anvil 3524 to pivot to an open position. In addition or in the alternative, a spring (not 

shown) may be employed to bias the anvil 3524 to the open position. 

[0276] As can be seen in FIGS. 69-72, the distal closure tube segment 3430 includes a lug 

3442 that extends from its distal end 3440 into threaded engagement with a variable pitch 

groove/thread 3414 formed in the distal end 3412 of the rotatable proximal closure tube segment 

3410. The variable pitch groove/thread 3414 has a distal section 3416 and a proximal section 

3418. The pitch of the distal groove/thread section 3416 is finer than the pitch of the proximal 

groove/thread section 3418. As can also be seen in FIGS. 69-72, the distal closure tube segment 

3430 is constrained for axial movement relative to the spine member 3420 by an axial retainer 

pin 3450 that is received in an axial slot 3424 in the distal end of the spine member 3420. 

[0277] As indicated above, the anvil 2524 is open and closed by rotating the proximal closure 

tube segment 3410. The variable pitch thread arrangement permits the distal closure tube 

segment 3430 to be driven in the distal direction "DD" at a first speed or rate by virtue of the 

engagement between the lug 3442 and the proximal groove/thread section 3418. When the lug 

3442 engages the distal groove/thread section 3416, the distal closure tube segment 3430 will be 

driven in the distal direction at a second speed or rate. Because the proximal groove/thread 

section 3418 is coarser than the distal groove/thread segment 3416, the first speed will be greater 

than the second speed. 

[0278] In at least one embodiment, the tool mounting portion 3500 is configured to receive a 

corresponding first rotary motion from the robotic controller 1001 and convert that first rotary 

motion to a primary rotary motion for rotating the rotatable proximal closure tube segment 3410 

about a longitudinal tool axis LT-LT. As can be seen in FIG. 73, a proximal end 3460 of the 

proximal closure tube segment 3410 is rotatably supported within a cradle arrangement 3504 

attached to a tool mounting plate 3502 of the tool mounting portion 3500. A rotation gear 3462 

is formed on or attached to the proximal end 3460 of the closure tube segment 3410 for meshing 

engagement with a rotation drive assembly 3470 that is operably supported on the tool mounting 

plate 3502. In at least one embodiment, a rotation drive gear 3472 is coupled to a corresponding 

first one of the driven discs or elements 1304 on the adapter side of the tool mounting plate 3502 

when the tool mounting portion 3500 is coupled to the tool holder 1270. See FIGS. 31 and 73. 

The rotation drive assembly 3470 further comprises a rotary driven gear 3474 that is rotatably 

supported on the tool mounting plate 3502 in meshing engagement with the rotation gear 3462 
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and the rotation drive gear 3472. Application of a first rotary control motion from the robotic 

controller 1001 through the tool holder 1270 and the adapter 1240 to the corresponding driven 

element 1304 will thereby cause rotation of the rotation drive gear 3472 by virtue of being 

operably coupled thereto. Rotation of the rotation drive gear 3472 ultimately results in the 

rotation of the closure tube segment 3410 to open and close the anvil 3524 as described above. 

[0279] As indicated above, the surgical end effector 3412 employs a cutting instrument of the 

type and constructions described above. FIG. 73 illustrates one form of knife drive assembly 

3480 for axially advancing a knife bar 3492 that is attached to such cutting instrument. One 

form of the knife drive assembly 3480 comprises a rotary drive gear 3482 that is coupled to a 

corresponding third one of the driven discs or elements 1304 on the adapter side of the tool 

mounting plate 3502 when the tool drive portion 3500 is coupled to the tool holder 1270. See 

FIGS. 31 and 73. The knife drive assembly 3480 further comprises a first rotary driven gear 

assembly 3484 that is rotatably supported on the tool mounting plate 5200. The first rotary 

driven gear assembly 3484 is in meshing engagement with a third rotary driven gear assembly 

3486 that is rotatably supported on the tool mounting plate 3502 and which is in meshing 

engagement with a fourth rotary driven gear assembly 3488 that is in meshing engagement with 

a threaded portion 3494 of drive shaft assembly 3490 that is coupled to the knife bar 3492. 

Rotation of the rotary drive gear 3482 in a second rotary direction will result in the axial 

advancement of the drive shaft assembly 3490 and knife bar 3492 in the distal direction "DD". 

Conversely, rotation of the rotary drive gear 3482 in a secondary rotary direction ( opposite to the 

second rotary direction) will cause the drive shaft assembly 3490 and the knife bar 3492 to move 

in the proximal direction. 

[0280] FIGS. 7 4-83 illustrate another surgical tool 3600 embodiment of the present invention 

that may be employed in connection with a robotic system 1000. As can be seen in FIG. 74, the 

tool 3600 includes an end effector in the form of a disposable loading unit 3612. Various forms 

of disposable loading units that may be employed in connection with tool 3600 are disclosed, for 

example, in U.S. Patent Application Publication No. US 2009/0206131 Al, entitled "End 

Effector Arrangements For a Surgical Cutting and Stapling Instrument", the disclosure of which 

is herein incorporated by reference in its entirety. 

[0281] In at least one form, the disposable loading unit 3612 includes an anvil assembly 3620 

that is supported for pivotal travel relative to a carrier 3630 that operably supports a staple 
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cartridge 3640 therein. A mounting assembly 3650 is pivotally coupled to the cartridge carrier 

3630 to enable the carrier 3630 to pivot about an articulation axis AA-AA relative to a 

longitudinal tool axis LT-LT. Referring to FIG. 79, mounting assembly 3650 includes upper and 

lower mounting portions 3652 and 3654. Each mounting portion includes a threaded bore 3656 

on each side thereof dimensioned to receive threaded bolts (not shown) for securing the proximal 

end of carrier 3630 thereto. A pair of centrally located pivot members 3658 extends between 

upper and lower mounting portions via a pair of coupling members 3660 which engage a distal 

end of a housing portion 3662. Coupling members 3660 each include an interlocking proximal 

portion 3664 configured to be received in grooves 3666 formed in the proximal end of housing 

portion 3662 to retain mounting assembly 3650 and housing portion 3662 in a longitudinally 

fixed position in relation thereto. 

[0282] In various forms, housing portion 3662 of disposable loading unit 3614 includes an 

upper housing half 3670 and a lower housing half 3672 contained within an outer casing 3674. 

The proximal end of housing half 3670 includes engagement nubs 3676 for releasably engaging 

an elongated shaft 3700 and an insertion tip 3678. Nubs 3676 form a bayonet-type coupling with 

the distal end of the elongated shaft 3700 which will be discussed in further detail below. 

Housing halves 3670, 3672 define a channel 3674 for slidably receiving axial drive assembly 

3680. A second articulation link 3690 is dimensioned to be slidably positioned within a slot 

3679 formed between housing halves 3670, 3672. A pair of blow out plates 3691 are positioned 

adjacent the distal end of housing portion 3662 adjacent the distal end of axial drive assembly 

3680 to prevent outward bulging of drive assembly 3680 during articulation of carrier 3630. 

[0283] In various embodiments, the second articulation link 3690 includes at least one 

elongated metallic plate. Preferably, two or more metallic plates are stacked to form link 3690. 

The proximal end of articulation link 3690 includes a hook portion 3692 configured to engage 

first articulation link 3710 extending through the elongated shaft 3700. The distal end of the 

second articulation link 3690 includes a loop 3694 dimensioned to engage a projection formed 

on mounting assembly 3650. The projection is laterally offset from pivot pin 3658 such that 

linear movement of second articulation link 3690 causes mounting assembly 3650 to pivot about 

pivot pins 3658 to articulate the carrier 3630. 

[0284] In various forms, axial drive assembly 3680 includes an elongated drive beam 3682 

including a distal working head 3684 and a proximal engagement section 3685. Drive beam 
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3682 may be constructed from a single sheet of material or, preferably, multiple stacked sheets. 

Engagement section 3685 includes a pair of engagement fingers which are dimensioned and 

configured to mountingly engage a pair of corresponding retention slots formed in drive member 

3686. Drive member 3686 includes a proximal porthole 3687 configured to receive the distal 

end 3722 of control rod 2720 (See FIG. 83) when the proximal end of disposable loading unit 

3614 is engaged with elongated shaft 3700 of surgical tool 3600. 

[0285] Referring to FIGS. 74 and 81-83, to use the surgical tool 3600, a disposable loading unit 

3612 is first secured to the distal end of elongated shaft 3700. It will be appreciated that the 

surgical tool 3600 may include an articulating or a non-articulating disposable loading unit. To 

secure the disposable loading unit 3612 to the elongated shaft 3700, the distal end 3722 of 

control rod 3720 is inserted into insertion tip 3678 of disposable loading unit 3612, and insertion 

tip 3678 is slid longitudinally into the distal end of the elongated shaft 3700 in the direction 

indicated by arrow "A" in FIG. 81 such that hook portion 3692 of second articulation link 3690 

slides within a channel 3702 in the elongated shaft 3700. Nubs 3676 will each be aligned in a 

respective channel (not shown) in elongated shaft 3700. When hook portion 3692 engages the 

proximal wall 3704 of channel 3702, disposable loading unit 3612 is rotated in the direction 

indicated by arrow "B" in FIGS. 80 and 83 to move hook portion 3692 of second articulation link 

3690 into engagement with finger 3712 of first articulation link 3710. Nubs 3676 also form a 

"bayonet-type" coupling within annular channel 3703 in the elongated shaft 3700. During 

rotation of loading unit 3612, nubs 3676 engage cam surface 3732 (FIG. 81) of block plate 3730 

to initially move plate 3730 in the direction indicated by arrow "C" in FIG. 81 to lock 

engagement member 3734 in recess 3721 of control rod 3720 to prevent longitudinal movement 

of control rod 3720 during attachment of disposable loading unit 3612. During the final degree 

of rotation, nubs 3676 disengage from cam surface 3732 to allow blocking plate 3730 to move in 

the direction indicated by arrow "D" in FIGS. 80 and 83 from behind engagement member 3734 

to once again permit longitudinal movement of control rod 3720. While the above-described 

attachment method reflects that the disposable loading unit 3612 is manipulated relative to the 

elongated shaft 3700, the person of ordinary skill in the art will appreciate that the disposable 

loading unit 3612 may be supported in a stationary position and the robotic system 1000 may 

manipulate the elongated shaft portion 3700 relative to the disposable loading unit 3612 to 

accomplish the above-described coupling procedure. 
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[0286] FIG. 84 illustrates another disposable loading unit 3612' that is attachable in a bayonet­

type arrangement with the elongated shaft 3700' that is substantially identical to shaft 3700 

except for the differences discussed below. As can be seen in FIG. 84, the elongated shaft 3700' 

has slots 3705 that extend for at least a portion thereof and which are configured to receive nubs 

3676 therein. In various embodiments, the disposable loading unit 3612' includes arms 3677 

extending therefrom which, prior to the rotation of disposable loading unit 3612', can be 

aligned, or at least substantially aligned, with nubs 3676 extending from housing portion 3662. 

In at least one embodiment, arms 3677 and nubs 3676 can be inserted into slots 3705 in 

elongated shaft 3700', for example, when disposable loading unit 3612' is inserted into 

elongated shaft 3700'. When disposable loading unit 3612' is rotated, arms 3677 can be 

sufficiently confined within slots 3705 such that slots 3705 can hold them in position, whereas 

nubs 3676 can be positioned such that they are not confined within slots 3705 and can be rotated 

relative to arms 3677. When rotated, the hook portion 3692 of the articulation link 3690 is 

engaged with the first articulation link 3710 extending through the elongated shaft 3700'. 

[0287] Other methods of coupling the disposable loading units to the end of the elongated shaft 

may be employed. For example, as shown in FIGS. 85 and 86, disposable loading unit 3612" 

can include connector portion 3613 which can be configured to be engaged with connector 

portion 3740 of the elongated shaft 3700". In at least one embodiment, connector portion 3613 

can include at least one projection and/or groove which can be mated with at least one projection 

and/or groove of connector portion 3740. In at least one such embodiment, the connector 

portions can include co-operating dovetail portions. In various embodiments, the connector 

portions can be configured to interlock with one another and prevent, or at least inhibit, distal 

and/or proximal movement of disposable loading unit 3612" along axis 3741. In at least one 

embodiment, the distal end of the axial drive assembly 3680' can include aperture 3681 which 

can be configured to receive projection 3721 extending from control rod 3720'. In various 

embodiments, such an arrangement can allow disposable loading unit 3612" to be assembled to 

elongated shaft 3700 in a direction which is not collinear with or parallel to axis 3741. Although 

not illustrated, axial drive assembly 3680' and control rod 3720 can include any other suitable 

arrangement of projections and apertures to operably connect them to each other. Also in this 

embodiment, the first articulation link 3710 which can be operably engaged with second 

articulation link 3690. 
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[0288] As can be seen in FIGS. 74 and 87, the surgical tool 3600 includes a tool mounting 

portion 3750. The tool mounting portion 3750 includes a tool mounting plate 3751 that is 

configured for attachment to the tool drive assembly 1010. The tool mounting portion operably 

supported a transmission arrangement 3752 thereon. In use, it may be desirable to rotate the 

disposable loading unit 3612 about the longitudinal tool axis defined by the elongated shaft 

3700. In at least one embodiment, the transmission arrangement 3752 includes a rotational 

transmission assembly 3753 that is configured to receive a corresponding rotary output motion 

from the tool drive assembly 1010 of the robotic system 1000 and convert that rotary output 

motion to a rotary control motion for rotating the elongated shaft 3700 (and the disposable 

loading unit 3612) about the longitudinal tool axis LT-LT. As can be seen in FIG. 87, a 

proximal end 3701 of the elongated shaft 3700 is rotatably supported within a cradle 

arrangement 3754 that is attached to the tool mounting plate 3751 of the tool mounting portion 

3750. A rotation gear 3755 is formed on or attached to the proximal end 3701 of the elongated 

shaft 3700 for meshing engagement with a rotation gear assembly 3756 operably supported on 

the tool mounting plate 3751. In at least one embodiment, a rotation drive gear 3757 drivingly 

coupled to a corresponding first one of the driven discs or elements 1304 on the adapter side of 

the tool mounting plate 3751 when the tool mounting portion 3750 is coupled to the tool drive 

assembly 1010. The rotation transmission assembly 3753 further comprises a rotary driven gear 

3758 that is rotatably supported on the tool mounting plate 3751 in meshing engagement with the 

rotation gear 3755 and the rotation drive gear 3757. Application of a first rotary output motion 

from the robotic system 1000 through the tool drive assembly 1010 to the corresponding driven 

element 1304 will thereby cause rotation of the rotation drive gear 3757 by virtue of being 

operably coupled thereto. Rotation of the rotation drive gear 3757 ultimately results in the 

rotation of the elongated shaft 3700 (and the disposable loading unit 3612) about the longitudinal 

tool axis LT-LT (primary rotary motion). 

[0289] As can be seen in FIG. 87, a drive shaft assembly 3760 is coupled to a proximal end of 

the control rod 2720. In various embodiments, the control rod 2720 is axially advanced in the 

distal and proximal directions by a knife/closure drive transmission 3762. One form of the 

knife/closure drive assembly 3762 comprises a rotary drive gear 3763 that is coupled to a 

corresponding second one of the driven rotatable body portions, discs or elements 1304 on the 

adapter side of the tool mounting plate 3751 when the tool mounting portion 3750 is coupled to 
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the tool holder 1270. The rotary driven gear 3763 is in meshing driving engagement with a gear 

train, generally depicted as 3764. In at least one form, the gear train 3764 further comprises a 

first rotary driven gear assembly 3765 that is rotatably supported on the tool mounting plate 

3751. The first rotary driven gear assembly 3765 is in meshing engagement with a second rotary 

driven gear assembly 3766 that is rotatably supported on the tool mounting plate 3751 and which 

is in meshing engagement with a third rotary driven gear assembly 3767 that is in meshing 

engagement with a threaded portion 3768 of the drive shaft assembly 3760. Rotation of the 

rotary drive gear 3763 in a second rotary direction will result in the axial advancement of the 

drive shaft assembly 3760 and control rod 2720 in the distal direction "DD". Conversely, 

rotation of the rotary drive gear 3763 in a secondary rotary direction which is opposite to the 

second rotary direction will cause the drive shaft assembly 3760 and the control rod 2720 to 

move in the proximal direction. When the control rod 2720 moves in the distal direction, it 

drives the drive beam 3682 and the working head 3684 thereof distally through the surgical 

staple cartridge 3640. As the working head 3684 is driven distally, it operably engages the anvil 

3620 to pivot it to a closed position. 

[0290] The cartridge carrier 3630 may be selectively articulated about articulation axis AA-AA 

by applying axial articulation control motions to the first and second articulation links 3710 and 

3690. In various embodiments, the transmission arrangement 3752 further includes an 

articulation drive 3770 that is operably supported on the tool mounting plate 3751. More 

specifically and with reference to FIG. 87, it can be seen that a proximal end portion 3772 of an 

articulation drive shaft 3771 configured to operably engage with the first articulation link 3710 

extends through the rotation gear 3755 and is rotatably coupled to a shifter rack gear 3774 that is 

slidably affixed to the tool mounting plate 3751 through slots 3775. The articulation drive 3770 

further comprises a shifter drive gear 3776 that is coupled to a corresponding third one of the 

driven discs or elements 1304 on the adapter side of the tool mounting plate 3751 when the tool 

mounting portion 3750 is coupled to the tool holder 1270. The articulation drive assembly 3770 

further comprises a shifter driven gear 3778 that is rotatably supported on the tool mounting 

plate 3751 in meshing engagement with the shifter drive gear 3776 and the shifter rack gear 

3774. Application of a third rotary output motion from the robotic system 1000 through the tool 

drive assembly 1010 to the corresponding driven element 1304 will thereby cause rotation of the 

shifter drive gear 3776 by virtue of being operably coupled thereto. Rotation of the shifter drive 
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gear 3776 ultimately results in the axial movement of the shifter gear rack 3774 and the 

articulation drive shaft 3771. The direction of axial travel of the articulation drive shaft 3771 

depends upon the direction in which the shifter drive gear 3776 is rotated by the robotic system 

1000. Thus, rotation of the shifter drive gear 3776 in a first rotary direction will result in the 

axial movement of the articulation drive shaft 3771 in the proximal direction "PD" and cause the 

cartridge carrier 3630 to pivot in a first direction about articulation axis AA-AA. Conversely, 

rotation of the shifter drive gear 3776 in a second rotary direction ( opposite to the first rotary 

direction) will result in the axial movement of the articulation drive shaft 3771 in the distal 

direction "DD" to thereby cause the cartridge carrier 3630 to pivot about articulation axis AA­

AA in an opposite direction. 

[0291] FIG. 88 illustrates yet another surgical tool 3800 embodiment of the present invention 

that may be employed with a robotic system 1000. As can be seen in FIG. 88, the surgical tool 

3800 includes a surgical end effector 3812 in the form of an endocutter 3814 that employs 

various cable-driven components. Various forms of cable driven endocutters are disclosed, for 

example, in U.S. Patent No. 7,726,537, entitled "Surgical Stapler With Universal Articulation 

and Tissue Pre-Clamp" and U.S. Patent Application Publication No. US 2008/0308603Al, 

entitled "Cable Driven Surgical Stapling and Cutting Instrument With Improved Cable 

Attachment Arrangements", the disclosures of each are herein incorporated by reference in their 

respective entireties. Such endocutters 3814 may be referred to as a "disposable loading unit" 

because they are designed to be disposed of after a single use. However, the various unique and 

novel arrangements of various embodiments of the present invention may also be employed in 

connection with cable driven end effectors that are reusable. 

[0292] As can be seen in FIG. 88, in at least one form, the endocutter 3814 includes an 

elongated channel 3822 that operably supports a surgical staple cartridge 3834 therein. An anvil 

3824 is pivotally supported for movement relative to the surgical staple cartridge 3834. The 

anvil 3824 has a cam surface 3825 that is configured for interaction with a preclamping collar 

3840 that is supported for axial movement relative thereto. The end effector 3814 is coupled to 

an elongated shaft assembly 3808 that is attached to a tool mounting portion 3900. In various 

embodiments, a closure cable 3850 is employed to move pre-clamping collar 3840 distally onto 

and over cam surface 3825 to close the anvil 3824 relative to the surgical staple cartridge 3834 

and compress the tissue therebetween. Preferably, closure cable 3850 attaches to the pre-
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clamping collar 3840 at or near point 3841 and is fed through a passageway in anvil 3824 (or 

under a proximal portion of anvil 3824) and fed proximally through shaft 3808. Actuation of 

closure cable 3850 in the proximal direction "PD" forces pre-clamping collar 3840 distally 

against cam surface 3825 to close anvil 3824 relative to staple cartridge assembly 3834. A return 

mechanism, e.g., a spring, cable system or the like, may be employed to return pre-clamping 

collar 3840 to a pre-clamping orientation which re-opens the anvil 3824. 

[0293] The elongated shaft assembly 3808 may be cylindrical in shape and define a channel 

3811 which may be dimensioned to receive a tube adapter 3870. See FIG. 89. In various 

embodiments, the tube adapter 3870 may be slidingly received in friction-fit engagement with 

the internal channel of elongated shaft 3808. The outer surface of the tube adapter 3870 may 

further include at least one mechanical interface, e.g., a cutout or notch 3871, oriented to mate 

with a corresponding mechanical interface, e.g., a radially inwardly extending protrusion or 

detent (not shown), disposed on the inner periphery of internal channel 3811 to lock the tube 

adapter 3870 to the elongated shaft 3808. In various embodiments, the distal end of tube adapter 

3870 may include a pair of opposing flanges 3872a and 3872b which define a cavity for 

pivotably receiving a pivot block 3873 therein. Each flange 3872a and 3872b may include an 

aperture 3874a and 3874b that is oriented to receive a pivot pin 3875 that extends through an 

aperture in pivot block 3873 to allow pivotable movement of pivot block 3873 about an axis that 

is perpendicular to longitudinal tool axis "LT-LT". The channel 3822 may be formed with two 

upwardly extending flanges 3823a, 3823b that have apertures therein, which are dimensioned to 

receive a pivot pin 3827. In turn, pivot pin 3875 mounts through apertures in pivot block 3873 to 

permit rotation of the surgical end effector 3814 about the "Y" axis as needed during a given 

surgical procedure. Rotation of pivot block 3873 about pin 3875 along "Z" axis rotates the 

surgical end effector 3814 about the "Z" axis. See FIG. 89. Other methods of fastening the 

elongated channel 3822 to the pivot block 3873 may be effectively employed without departing 

from the spirit and scope of the present invention. 

[0294] The surgical staple cartridge 3834 can be assembled and mounted within the elongated 

channel 3822 during the manufacturing or assembly process and sold as part of the surgical end 

effector 3812, or the surgical staple cartridge 3834 may be designed for selective mounting 

within the elongated channel 3822 as needed and sold separately, e.g., as a single use 

replacement, replaceable or disposable staple cartridge assembly. It is within the scope of this 
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disclosure that the surgical end effector 3812 may be pivotally, operatively, or integrally 

attached, for example, to distal end 3809 of the elongated shaft assembly 3808 of a disposable 

surgical stapler. As is known, a used or spent disposable loading unit 3814 can be removed from 

the elongated shaft assembly 3808 and replaced with an unused disposable unit. The endocutter 

3814 may also preferably include an actuator, preferably a dynamic clamping member 3860, a 

sled 3862, as well as staple pushers (not shown) and staples (not shown) once an unspent or 

unused cartridge 3834 is mounted in the elongated channel 3822. See FIG. 89. 

[0295] In various embodiments, the dynamic clamping member 3860 is associated with, e.g., 

mounted on and rides on, or with or is connected to or integral with and/or rides behind sled 

3862. It is envisioned that dynamic clamping member 3860 can have cam wedges or cam 

surfaces attached or integrally formed or be pushed by a leading distal surface thereof. In 

various embodiments, dynamic clamping member 3860 may include an upper portion 3863 

having a transverse aperture 3864 with a pin 3865 mountable or mounted therein, a central 

support or upward extension 3866 and substantially T-shaped bottom flange 3867 which 

cooperate to slidingly retain dynamic clamping member 3860 along an ideal cutting path during 

longitudinal, distal movement of sled 3862. The leading cutting edge 3868, here, knife blade 

3869, is dimensioned to ride within slot 3835 of staple cartridge assembly 3834 and separate 

tissue once stapled. As used herein, the term "knife assembly" may include the aforementioned 

dynamic clamping member 3860, knife 3869, and sled 3862 or other knife/beam/sled drive 

arrangements and cutting instrument arrangements. In addition, the various embodiments of the 

present invention may be employed with knife assembly/cutting instrument arrangements that 

may be entirely supported in the staple cartridge 3834 or partially supported in the staple 

cartridge 3834 and elongated channel 3822 or entirely supported within the elongated channel 

3822. 

[0296] In various embodiments, the dynamic clamping member 3860 may be driven in the 

proximal and distal directions by a cable drive assembly 3870. In one non-limiting form, the 

cable drive assembly comprises a pair of advance cables 3880, 3882 and a firing cable 3884. 

FIGS. 90 and 91 illustrate the cables 3880, 3882, 3884 in diagrammatic form. As can be seen in 

those Figures, a first advance cable 3880 is operably supported on a first distal cable transition 

support 3885 which may comprise, for example, a pulley, rod, capstan, etc. that is attached to the 

distal end of the elongated channel 3822 and a first proximal cable transition support 3886 which 

84 

89



Attorney Docket No. END5924USCNT2/060339CON2 

may comprise, for example, a pulley, rod, capstan, etc. that is operably supported by the 

elongated channel 3822. A distal end 3881 of the first advance cable 3880 is affixed to the 

dynamic clamping assembly 3860. The second advance cable 3882 is operably supported on a 

second distal cable transition support 3887 which may, for example, comprise a pulley, rod, 

capstan etc. that is mounted to the distal end of the elongated channel 3822 and a second 

proximal cable transition support 3888 which may, for example, comprise a pulley, rod, capstan, 

etc. mounted to the proximal end of the elongated channel 3822. The proximal end 3883 of the 

second advance cable 3882 may be attached to the dynamic clamping assembly 3860. Also in 

these embodiments, an endless firing cable 3884 is employed and journaled on a support 3889 

that may comprise a pulley, rod, capstan, etc. mounted within the elongated shaft 3808. In one 

embodiment, the retract cable 3884 may be formed in a loop and coupled to a connector 3889' 

that is fixedly attached to the first and second advance cables 3880, 3882. 

[0297] Various non-limiting embodiments of the present invention include a cable drive 

transmission 3920 that is operably supported on a tool mounting plate 3902 of the tool mounting 

portion 3900. The tool mounting portion 3900 has an array of electrical connecting pins 3904 

which are configured to interface with the slots 1258 (FIG. 30) in the adapter 1240'. Such 

arrangement permits the robotic system 1000 to provide control signals to a control circuit 3910 

of the tool 3800. While the interface is described herein with reference to mechanical, electrical, 

and magnetic coupling elements, it should be understood that a wide variety of telemetry 

modalities might be used, including infrared, inductive coupling, or the like. 

[0298] Control circuit 3910 is shown in schematic form in FIG. 88. In one form or 

embodiment, the control circuit 3910 includes a power supply in the form of a battery 3912 that 

is coupled to an on-off solenoid powered switch 3914. In other embodiments, however, the 

power supply may comprise a source of alternating current. Control circuit 3910 further includes 

an on/off solenoid 3916 that is coupled to a double pole switch 3918 for controlling motor 

rotation direction. Thus, when the robotic system 1000 supplies an appropriate control signal, 

switch 3914 will permit battery 3912 to supply power to the double pole switch 3918. The 

robotic system 1000 will also supply an appropriate signal to the double pole switch 3918 to 

supply power to a shifter motor 3922. 

[0299] Turning to FIGS. 92-97, at least one embodiment of the cable drive transmission 3920 

comprises a drive pulley 3930 that is operably mounted to a drive shaft 3932 that is attached to a 
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driven element 1304 of the type and construction described above that is designed to interface 

with a corresponding drive element 1250 of the adapter 1240. See FIGS. 30 and 95. Thus, when 

the tool mounting portion 3900 is operably coupled to the tool holder 1270, the robot system 

1000 can apply rotary motion to the drive pulley 3930 in a desired direction. A first drive 

member or belt 3934 drivingly engages the drive pulley 3930 and a second drive shaft 3936 that 

is rotatably supported on a shifter yoke 3940. The shifter yoke 3940 is operably coupled to the 

shifter motor 3922 such that rotation of the shaft 3923 of the shifter motor 3922 in a first 

direction will shift the shifter yoke in a first direction "FD" and rotation of the shifter motor shaft 

3923 in a second direction will shift the shifter yoke 3940 in a second direction "SD". Other 

embodiments of the present invention may employ a shifter solenoid arrangement for shifting the 

shifter yoke in said first and second directions. 

[0300] As can be seen in FIGS. 92-95, a closure drive gear 3950 mounted to a second drive 

shaft 3936 and is configured to selectively mesh with a closure drive assembly, generally 

designated as 3951. Likewise a firing drive gear 3960 is also mounted to the second drive shaft 

3936 and is configured to selectively mesh with a firing drive assembly generally designated as 

3961. Rotation of the second drive shaft 3936 causes the closure drive gear 3950 and the firing 

drive gear 3960 to rotate. In one non-limiting embodiment, the closure drive assembly 3951 

comprises a closure driven gear 3952 that is coupled to a first closure pulley 3954 that is 

rotatably supported on a third drive shaft 3956. The closure cable 3850 is drivingly received on 

the first closure pulley 3954 such that rotation of the closure driven gear 3952 will drive the 

closure cable 3850. Likewise, the firing drive assembly 3961 comprises a firing driven gear 

3962 that is coupled to a first firing pulley 3964 that is rotatably supported on the third drive 

shaft 3956. The first and second driving pulleys 3954 and 3964 are independently rotatable on 

the third drive shaft 3956. The firing cable 3884 is drivingly received on the first firing pulley 

3964 such that rotation of the firing driven gear 3962 will drive the firing cable 3884. 

[0301] Also in various embodiments, the cable drive transmission 3920 further includes a 

braking assembly 3970. In at least one embodiment, for example, the braking assembly 3970 

includes a closure brake 3972 that comprises a spring arm 3973 that is attached to a portion of 

the transmission housing 3971. The closure brake 3972 has a gear lug 397 4 that is sized to 

engage the teeth of the closure driven gear 3952 as will be discussed in further detail below. The 

braking assembly 3970 further includes a firing brake 3976 that comprises a spring arm 3977 
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that is attached to another portion of the transmission housing 3971. The firing brake 3976 has a 

gear lug 3978 that is sized to engage the teeth of the firing driven gear 3962. 

[0302] At least one embodiment of the surgical tool 3800 may be used as follows. The tool 

mounting portion 3900 is operably coupled to the interface 1240 of the robotic system 1000. 

The controller or control unit of the robotic system is operated to locate the tissue to be cut and 

stapled between the open anvil 3824 and the staple cartridge 3834. When in that initial position, 

the braking assembly 3970 has locked the closure driven gear 3952 and the firing driven gear 

3962 such that they cannot rotate. That is, as shown in FIG. 93, the gear lug 3974 is in locking 

engagement with the closure driven gear 3952 and the gear lug 3978 is in locking engagement 

with the firing driven gear 3962. Once the surgical end effector 3814 has been properly located, 

the controller 1001 of the robotic system 1000 will provide a control signal to the shifter motor 

3922 ( or shifter solenoid) to move the shifter yoke 3940 in the first direction. As the shifter yoke 

3940 is moved in the first direction, the closure drive gear 3950 moves the gear lug 3974 out of 

engagement with the closure driven gear 3952 as it moves into meshing engagement with the 

closure driven gear 3952. As can be seen in FIG. 92, when in that position, the gear lug 3978 

remains in locking engagement with the firing driven gear 3962 to prevent actuation of the firing 

system. Thereafter, the robotic controller 1001 provides a first rotary actuation motion to the 

drive pulley 3930 through the interface between the driven element 1304 and the corresponding 

components of the tool holder 1240. As the drive pulley 3930 is rotated in the first direction, the 

closure cable 3850 is rotated to drive the preclamping collar 3840 into closing engagement with 

the cam surface 3825 of the anvil 3824 to move it to the closed position thereby clamping the 

target tissue between the anvil 3824 and the staple cartridge 3834. See FIG. 88. Once the anvil 

3824 has been moved to the closed position, the robotic controller 1001 stops the application of 

the first rotary motion to the drive pulley 3930. Thereafter, the robotic controller 1001 may 

commence the firing process by sending another control signal to the shifter motor 3922 ( or 

shifter solenoid) to cause the shifter yoke to move in the second direction "SD" as shown in FIG. 

94. As the shifter yoke 3940 is moved in the second direction, the firing drive gear 3960 moves 

the gear lug 3978 out of engagement with the firing driven gear 3962 as it moves into meshing 

engagement with the firing driven gear 3962. As can be seen in FIG. 94, when in that position, 

the gear lug 3974 remains in locking engagement with the closure driven gear 3952 to prevent 

actuation of the closure system. Thereafter, the robotic controller 1001 is activated to provide 
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the first rotary actuation motion to the drive pulley 3930 through the interface between the driven 

element 1304 and the corresponding components of the tool holder 1240. As the drive pulley 

3930 is rotated in the first direction, the firing cable 3884 is rotated to drive the dynamic 

clamping member 3860 in the distal direction "DD" thereby firing the stapes and cutting the 

tissue clamped in the end effector 3814. Once the robotic system 1000 determines that the 

dynamic clamping member 3860 has reached its distal most position - either through sensors or 

through monitoring the amount of rotary input applied to the drive pulley 3930, the controller 

1001 may then apply a second rotary motion to the drive pulley 3930 to rotate the closure cable 

3850 in an opposite direction to cause the dynamic clamping member 3860 to be retracted in the 

proximal direction "PD". Once the dynamic clamping member has been retracted to the starting 

position, the application of the second rotary motion to the drive pulley 3930 is discontinued. 

Thereafter, the shifter motor 3922 ( or shifter solenoid) is powered to move the shifter yoke 3940 

to the closure position (FIG 92). Once the closure drive gear 3950 is in meshing engagement 

with the closure driven gear 3952, the robotic controller 1001 may once again apply the second 

rotary motion to the drive pulley 3930. Rotation of the drive pulley 3930 in the second direction 

causes the closure cable 3850 to retract the preclamping collar 3840 out of engagement with the 

cam surface 3825 of the anvil 3824 to permit the anvil 3824 to move to an open position (by a 

spring or other means) to release the stapled tissue from the surgical end effector 3814. 

[0303] FIG. 98 illustrates a surgical tool 4000 that employs a gear driven firing bar 4092 as 

shown in FIGS. 99-101. This embodiment includes an elongated shaft assembly 4008 that 

extends from a tool mounting portion 4100. The tool mounting portion 4100 includes a tool 

mounting plate 4102 that operable supports a transmission arrangement 4103 thereon. The 

elongated shaft assembly 4008 includes a rotatable proximal closure tube 4010 that is rotatably 

journaled on a proximal spine member 4020 that is rigidly coupled to the tool mounting plate 

4102. The proximal spine member 4020 has a distal end that is coupled to an elongated channel 

portion 4022 of a surgical end effector 4012. The surgical effector 4012 may be substantially 

similar to surgical end effector 3412 described above. In addition, the anvil 4024 of the surgical 

end effector 4012 may be opened and closed by a distal closure tube 4030 that operably 

interfaces with the proximal closure tube 4010. Distal closure tube 4030 is identical to distal 

closure tube 3430 described above. Similarly, proximal closure tube 4010 is identical to 

proximal closure tube segment 3410 described above. 
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[0304] Anvil 4024 is opened and closed by rotating the proximal closure tube 4010 in manner 

described above with respect to distal closure tube 3410. In at least one embodiment, the 

transmission arrangement comprises a closure transmission, generally designated as 4011. As 

will be further discussed below, the closure transmission 4011 is configured to receive a 

corresponding first rotary motion from the robotic system 1000 and convert that first rotary 

motion to a primary rotary motion for rotating the rotatable proximal closure tube 4010 about the 

longitudinal tool axis LT-LT. As can be seen in FIG. 101, a proximal end 4060 of the proximal 

closure tube 4010 is rotatably supported within a cradle arrangement 4104 that is attached to a 

tool mounting plate 4102 of the tool mounting portion 4100. A rotation gear 4062 is formed on 

or attached to the proximal end 4060 of the closure tube segment 4010 for meshing engagement 

with a rotation drive assembly 4070 that is operably supported on the tool mounting plate 4102. 

In at least one embodiment, a rotation drive gear 4072 is coupled to a corresponding first one of 

the driven discs or elements 1304 on the adapter side of the tool mounting plate 4102 when the 

tool mounting portion 4100 is coupled to the tool holder 1270. See FIGS. 31 and 101. The 

rotation drive assembly 4070 further comprises a rotary driven gear 4074 that is rotatably 

supported on the tool mounting plate 4102 in meshing engagement with the rotation gear 4062 

and the rotation drive gear 4072. Application of a first rotary control motion from the robotic 

system 1000 through the tool holder 1270 and the adapter 1240 to the corresponding driven 

element 1304 will thereby cause rotation of the rotation drive gear 4072 by virtue of being 

operably coupled thereto. Rotation of the rotation drive gear 4072 ultimately results in the 

rotation of the closure tube segment 4010 to open and close the anvil 4024 as described above. 

[0305] As indicated above, the end effector 4012 employs a cutting element 3860 as shown in 

FIGS. 99 and 100. In at least one non-limiting embodiment, the transmission arrangement 4103 

further comprises a knife drive transmission that includes a knife drive assembly 4080. FIG. 101 

illustrates one form of knife drive assembly 4080 for axially advancing the knife bar 4092 that is 

attached to such cutting element using cables as described above with respect to surgical tool 

3800. In particular, the knife bar 4092 replaces the firing cable 3884 employed in an 

embodiment of surgical tool 3800. One form of the knife drive assembly 4080 comprises a 

rotary drive gear 4082 that is coupled to a corresponding second one of the driven discs or 

elements 1304 on the adapter side of the tool mounting plate 4102 when the tool mounting 

portion 4100 is coupled to the tool holder 1270. See FIGS. 31 and 101. The knife drive 
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assembly 4080 further comprises a first rotary driven gear assembly 4084 that is rotatably 

supported on the tool mounting plate 4102. The first rotary driven gear assembly 4084 is in 

meshing engagement with a third rotary driven gear assembly 4086 that is rotatably supported on 

the tool mounting plate 4102 and which is in meshing engagement with a fourth rotary driven 

gear assembly 4088 that is in meshing engagement with a threaded portion 4094 of drive shaft 

assembly 4090 that is coupled to the knife bar 4092. Rotation of the rotary drive gear 4082 in a 

second rotary direction will result in the axial advancement of the drive shaft assembly 4090 and 

knife bar 4092 in the distal direction "DD". Conversely, rotation of the rotary drive gear 4082 in 

a secondary rotary direction ( opposite to the second rotary direction) will cause the drive shaft 

assembly 4090 and the knife bar 4092 to move in the proximal direction. Movement of the firing 

bar 4092 in the proximal direction "PD" will drive the cutting element 3860 in the distal 

direction "DD". Conversely, movement of the firing bar 4092 in the distal direction "DD" will 

result in the movement of the cutting element 3860 in the proximal direction "PD". 

[0306] FIGS. 102-108 illustrate yet another surgical tool 5000 that may be effectively 

employed in connection with a robotic system 1000. In various forms, the surgical tool 5000 

includes a surgical end effector 5012 in the form of a surgical stapling instrument that includes 

an elongated channel 5020 and a pivotally translatable clamping member, such as an anvil 5070, 

which are maintained at a spacing that assures effective stapling and severing of tissue clamped 

in the surgical end effector 5012. As can be seen in FIG. 104, the elongated channel 5020 may 

be substantially U-shaped in cross-section and be fabricated from, for example, titanium, 203 

stainless steel, 304 stainless steel, 416 stainless steel, 17-4 stainless steel, 17-7 stainless steel, 

6061 or 7075 aluminum, chromium steel, ceramic, etc. A substantially U-shaped metal channel 

pan 5022 may be supported in the bottom of the elongated channel 5020 as shown. 

[0307] Various embodiments include an actuation member in the form of a sled assembly 5030 

that is operably supported within the surgical end effector 5012 and axially movable therein 

between a starting position and an ending position in response to control motions applied thereto. 

In some forms, the metal channel pan 5022 has a centrally-disposed slot 5024 therein to movably 

accommodate a base portion 5032 of the sled assembly 5030. The base portion 5032 includes a 

foot portion 5034 that is sized to be slidably received in a slot 5021 in the elongated channel 

5020. See FIG. 104. As can be seen in FIGS. 103, 104, 107, and 108, the base portion 5032 of 

sled assembly 5030 includes an axially extending threaded bore 5036 that is configured to be 

90 

95



Attorney Docket No. END5924USCNT2/060339CON2 

threadedly received on a threaded drive shaft 5130 as will be discussed in further detail below. 

In addition, the sled assembly 5030 includes an upstanding support portion 5038 that supports a 

tissue cutting blade or tissue cutting instrument 5040. The upstanding support portion 5038 

terminates in a top portion 5042 that has a pair of laterally extending retaining fins 5044 

protruding therefrom. As shown in FIG. 104, the fins 5044 are positioned to be received within 

corresponding slots 5072 in anvil 5070. The fins 5044 and the foot 5034 serve to retain the anvil 

5070 in a desired spaced closed position as the sled assembly 5030 is driven distally through the 

tissue clamped within the surgical end effector 5014. As can also be seen in FIGS. 106 and 108, 

the sled assembly 5030 further includes a reciprocatably or sequentially activatable drive 

assembly 5050 for driving staple pushers toward the closed anvil 5070. 

[0308] More specifically and with reference to FIGS. 104 and 105, the elongated channel 5020 

is configured to operably support a surgical staple cartridge 5080 therein. In at least one form, 

the surgical staple cartridge 5080 comprises a body portion 5082 that may be fabricated from, for 

example, Vectra, Nylon (6/6 or 6/12) and include a centrally disposed slot 5084 for 

accommodating the upstanding support portion 5038 of the sled assembly 5030. See FIG. 104. 

These materials could also be filled with glass, carbon, or mineral fill of 10%-40%. The surgical 

staple cartridge 5080 further includes a plurality of cavities 5086 for movably supporting lines or 

rows of staple-supporting pushers 5088 therein. The cavities 5086 may be arranged in spaced 

longitudinally extending lines or rows 5090, 5092, 5094, 5096. For example, the rows 5090 may 

be referred to herein as first outboard rows. The rows 5092 may be referred to herein as first 

inboard rows. The rows 5094 may be referred to as second inboard rows and the rows 5096 may 

be referred to as second outboard rows. The first inboard row 5090 and the first outboard row 

5092 are located on a first lateral side of the longitudinal slot 5084 and the second inboard row 

5094 and the second outboard row 5096 are located on a second lateral side of the longitudinal 

slot 5084. The first staple pushers 5088 in the first inboard row 5092 are staggered in 

relationship to the first staple pushers 5088 in the first outboard row 5090. Similarly, the second 

staple pushers 5088 in the second outboard row 5096 are staggered in relationship to the second 

pushers 5088 in the second inboard row 5094. Each pusher 5088 operably supports a surgical 

staple 5098 thereon. 

[0309] In various embodiments, the sequentially-activatable or reciprocatably-activatable drive 

assembly 5050 includes a pair of outboard drivers 5052 and a pair of inboard drivers 5054 that 
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are each attached to a common shaft 5056 that is rotatably mounted within the base 5032 of the 

sled assembly 5030. The outboard drivers 5052 are oriented to sequentially or reciprocatingly 

engage a corresponding plurality of outboard activation cavities 5026 provided in the channel 

pan 5022. Likewise, the inboard drivers 5054 are oriented to sequentially or reciprocatingly 

engage a corresponding plurality of inboard activation cavities 5028 provided in the channel pan 

5022. The inboard activation cavities 5028 are arranged in a staggered relationship relative to 

the adjacent outboard activation cavities 5026. See FIG. 105. As can also be seen in FIGS. 105 

and 107, in at least one embodiment, the sled assembly 5030 further includes distal wedge 

segments 5060 and intermediate wedge segments 5062 located on each side of the bore 5036 to 

engage the pushers 5088 as the sled assembly 5030 is driven distally in the distal direction "DD". 

As indicated above, the sled assembly 5030 is threadedly received on a threaded portion 5132 of 

a drive shaft 5130 that is rotatably supported within the end effector 5012. In various 

embodiments, for example, the drive shaft 5130 has a distal end 5134 that is supported in a distal 

bearing 5136 mounted in the surgical end effector 5012. See FIGS. 104 and 105. 

[0310] In various embodiments, the surgical end effector 5012 is coupled to a tool mounting 

portion 5200 by an elongated shaft assembly 5108. In at least one embodiment, the tool 

mounting portion 5200 operably supports a transmission arrangement generally designated as 

5204 that is configured to receive rotary output motions from the robotic system. The elongated 

shaft assembly 5108 includes an outer closure tube 5110 that is rotatable and axially movable on 

a spine member 5120 that is rigidly coupled to a tool mounting plate 5201 of the tool mounting 

portion 5200. The spine member 5120 also has a distal end 5122 that is coupled to the elongated 

channel portion 5020 of the surgical end effector 5012. 

[0311] In use, it may be desirable to rotate the surgical end effector 5012 about a longitudinal 

tool axis LT-LT defined by the elongated shaft assembly 5008. In various embodiments, the 

outer closure tube 5110 has a proximal end 5112 that is rotatably supported on the tool mounting 

plate 5201 of the tool drive portion 5200 by a forward support cradle 5203. The proximal end 

5112 of the outer closure tube 5110 is configured to operably interface with a rotation 

transmission portion 5206 of the transmission arrangement 5204. In various embodiments, the 

proximal end 5112 of the outer closure tube 5110 is also supported on a closure sled 5140 that is 

also movably supported on the tool mounting plate 5201. A closure tube gear segment 5114 is 

formed on the proximal end 5112 of the outer closure tube 5110 for meshing engagement with a 
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rotation drive assembly 5150 of the rotation transmission 5206. As can be seen in FIG. 102, the 

rotation drive assembly 5150, in at least one embodiment, comprises a rotation drive gear 5152 

that is coupled to a corresponding first one of the driven discs or elements 1304 on the adapter 

side 1307 of the tool mounting plate 5201 when the tool drive portion 5200 is coupled to the tool 

holder 1270. The rotation drive assembly 5150 further comprises a rotary driven gear 5154 that 

is rotatably supported on the tool mounting plate 5201 in meshing engagement with the closure 

tube gear segment 5114 and the rotation drive gear 5152. Application of a first rotary control 

motion from the robotic system 1000 through the tool holder 1270 and the adapter 1240 to the 

corresponding driven element 1304 will thereby cause rotation of the rotation drive gear 5152. 

Rotation of the rotation drive gear 5152 ultimately results in the rotation of the elongated shaft 

assembly 5108 (and the end effector 5012) about the longitudinal tool axis LT-LT (represented 

by arrow "R" in FIG. 102). 

[0312] Closure of the anvil 5070 relative to the surgical staple cartridge 5080 is accomplished 

by axially moving the outer closure tube 5110 in the distal direction "DD". Such axial 

movement of the outer closure tube 5110 may be accomplished by a closure transmission portion 

5144 of the transmission arrangement 5204. As indicated above, in various embodiments, the 

proximal end 5112 of the outer closure tube 5110 is supported by the closure sled 5140 which 

enables the proximal end 5112 to rotate relative thereto, yet travel axially with the closure sled 

5140. In particular, as can be seen in FIG. 102, the closure sled 5140 has an upstanding tab 5141 

that extends into a radial groove 5115 in the proximal end portion 5112 of the outer closure tube 

5110. In addition, as was described above, the closure sled 5140 is slidably mounted to the tool 

mounting plate 5201. In various embodiments, the closure sled 5140 has an upstanding portion 

5142 that has a closure rack gear 5143 formed thereon. The closure rack gear 5143 is configured 

for driving engagement with the closure transmission 5144. 

[0313] In various forms, the closure transmission 5144 includes a closure spur gear 5145 that is 

coupled to a corresponding second one of the driven discs or elements 1304 on the adapter side 

1307 of the tool mounting plate 5201. Thus, application of a second rotary control motion from 

the robotic system 1000 through the tool holder 1270 and the adapter 1240 to the corresponding 

second driven element 1304 will cause rotation of the closure spur gear 5145 when the interface 

1230 is coupled to the tool mounting portion 5200. The closure transmission 5144 further 

includes a driven closure gear set 5146 that is supported in meshing engagement with the closure 
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spur gear 5145 and the closure rack gear 5143. Thus, application of a second rotary control 

motion from the robotic system 1000 through the tool holder 1270 and the adapter 1240 to the 

corresponding second driven element 1304 will cause rotation of the closure spur gear 5145 and 

ultimately drive the closure sled 5140 and the outer closure tube 5110 axially. The axial 

direction in which the closure tube 5110 moves ultimately depends upon the direction in which 

the second driven element 1304 is rotated. For example, in response to one rotary closure 

motion received from the robotic system 1000, the closure sled 5140 will be driven in the distal 

direction "DD" and ultimately the outer closure tube 5110 will be driven in the distal direction as 

well. The outer closure tube 5110 has an opening 5117 in the distal end 5116 that is configured 

for engagement with a tab 5071 on the anvil 5070 in the manners described above. As the outer 

closure tube 5110 is driven distally, the proximal end 5116 of the closure tube 5110 will contact 

the anvil 5070 and pivot it closed. Upon application of an "opening" rotary motion from the 

robotic system 1000, the closure sled 5140 and outer closure tube 5110 will be driven in the 

proximal direction "PD" and pivot the anvil 5070 to the open position in the manners described 

above. 

[0314] In at least one embodiment, the drive shaft 5130 has a proximal end 5137 that has a 

proximal shaft gear 5138 attached thereto. The proximal shaft gear 5138 is supported in meshing 

engagement with a distal drive gear 5162 attached to a rotary drive bar 5160 that is rotatably 

supported with spine member 5120. Rotation of the rotary drive bar 5160 and ultimately rotary 

drive shaft 5130 is controlled by a rotary knife transmission 5207 which comprises a portion of 

the transmission arrangement 5204 supported on the tool mounting plate 5210. In various 

embodiments, the rotary knife transmission 5207 comprises a rotary knife drive system 5170 that 

is operably supported on the tool mounting plate 5201. In various embodiments, the knife drive 

system 5170 includes a rotary drive gear 5172 that is coupled to a corresponding third one of the 

driven discs or elements 1304 on the adapter side of the tool mounting plate 5201 when the tool 

drive portion 5200 is coupled to the tool holder 1270. The knife drive system 5170 further 

comprises a first rotary driven gear 517 4 that is rotatably supported on the tool mounting plate 

5201 in meshing engagement with a second rotary driven gear 5176 and the rotary drive gear 

5172. The second rotary driven gear 5176 is coupled to a proximal end portion 5164 of the 

rotary drive bar 5160. 
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[0315] Rotation of the rotary drive gear 5172 in a first rotary direction will result in the rotation 

of the rotary drive bar 5160 and rotary drive shaft 5130 in a first direction. Conversely, rotation 

of the rotary drive gear 5172 in a second rotary direction ( opposite to the first rotary direction) 

will cause the rotary drive bar 5160 and rotary drive shaft 5130 to rotate in a second direction. 

2400. Thus, rotation of the drive shaft 2440 results in rotation of the drive sleeve 2400. 

[0316] One method of operating the surgical tool 5000 will now be described. The tool drive 

5200 is operably coupled to the interface 1240 of the robotic system 1000. The controller 1001 

of the robotic system 1000 is operated to locate the tissue to be cut and stapled between the open 

anvil 5070 and the surgical staple cartridge 5080. Once the surgical end effector 5012 has been 

positioned by the robot system 1000 such that the target tissue is located between the anvil 5070 

and the surgical staple cartridge 5080, the controller 1001 of the robotic system 1000 may be 

activated to apply the second rotary output motion to the second driven element 1304 coupled to 

the closure spur gear 5145 to drive the closure sled 5140 and the outer closure tube 5110 axially 

in the distal direction to pivot the anvil 5070 closed in the manner described above. Once the 

robotic controller 1001 determines that the anvil 5070 has been closed by, for example, sensors 

in the surgical end effector 5012 and/or the tool drive portion 5200, the robotic controller 1001 

system may provide the surgeon with an indication that signifies the closure of the anvil. Such 

indication may be, for example, in the form of a light and/or audible sound, tactile feedback on 

the control members, etc. Then the surgeon may initiate the firing process. In alternative 

embodiments, however, the robotic controller 1001 may automatically commence the firing 

process. 

[0317] To commence the firing process, the robotic controller applies a third rotary output 

motion to the third driven disc or element 1304 coupled to the rotary drive gear 5172. Rotation 

of the rotary drive gear 5172 results in the rotation of the rotary drive bar 5160 and rotary drive 

shaft 5130 in the manner described above. Firing and formation of the surgical staples 5098 can 

be best understood from reference to FIGS. 103, 105, and 106. As the sled assembly 5030 is 

driven in the distal direction "DD" through the surgical staple cartridge 5080, the distal wedge 

segments 5060 first contact the staple pushers 5088 and start to move them toward the closed 

anvil 5070. As the sled assembly 5030 continues to move distally, the outboard drivers 5052 

will drop into the corresponding activation cavity 5026 in the channel pan 5022. The opposite 

end of each outboard driver 5052 will then contact the corresponding outboard pusher 5088 that 
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has moved up the distal and intermediate wedge segments 5060, 5062. Further distal movement 

of the sled assembly 5030 causes the outboard drivers 5052 to rotate and drive the corresponding 

pushers 5088 toward the anvil 5070 to cause the staples 5098 supported thereon to be formed as 

they are driven into the anvil 5070. It will be understood that as the sled assembly 5030 moves 

distally, the knife blade 5040 cuts through the tissue that is clamped between the anvil and the 

staple cartridge. Because the inboard drivers 5054 and outboard drivers 5052 are attached to the 

same shaft 5056 and the inboard drivers 5054 are radially offset from the outboard drivers 5052 

on the shaft 5056, as the outboard drivers 5052 are driving their corresponding pushers 5088 

toward the anvil 5070, the inboard drivers 5054 drop into their next corresponding activation 

cavity 5028 to cause them to rotatably or reciprocatingly drive the corresponding inboard 

pushers 5088 towards the closed anvil 5070 in the same manner. Thus, the laterally 

corresponding outboard staples 5098 on each side of the centrally disposed slot 5084 are 

simultaneously formed together and the laterally corresponding inboard staples 5098 on each 

side of the slot 5084 are simultaneously formed together as the sled assembly 5030 is driven 

distally. Once the robotic controller 1001 determines that the sled assembly 5030 has reached its 

distal most position - either through sensors or through monitoring the amount of rotary input 

applied to the drive shaft 5130 and/or the rotary drive bar 5160, the controller 1001 may then 

apply a third rotary output motion to the drive shaft 5130 to rotate the drive shaft 5130 in an 

opposite direction to retract the sled assembly 5030 back to its starting position. Once the sled 

assembly 5030 has been retracted to the starting position (as signaled by sensors in the end 

effector 5012 and/or the tool drive portion 5200), the application of the second rotary motion to 

the drive shaft 5130 is discontinued. Thereafter, the surgeon may manually activate the anvil 

opening process or it may be automatically commenced by the robotic controller 1001. To open 

the anvil 5070, the second rotary output motion is applied to the closure spur gear 5145 to drive 

the closure sled 5140 and the outer closure tube 5110 axially in the proximal direction. As the 

closure tube 5110 moves proximally, the opening 5117 in the distal end 5116 of the closure tube 

5110 contacts the tab 5071 on the anvil 5070 to pivot the anvil 5070 to the open position. A 

spring may also be employed to bias the anvil 5070 to the open position when the closure tube 

5116 has been returned to the starting position. Again, sensors in the surgical end effector 5012 

and/or the tool mounting portion 5200 may provide the robotic controller 1001 with a signal 
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indicating that the anvil 5070 is now open. Thereafter, the surgical end effector 5012 may be 

withdrawn from the surgical site. 

[0318] FIGS. 109-114 diagrammatically depict the sequential firing of staples in a surgical tool 

assembly 5000' that is substantially similar to the surgical tool assembly 5000 described above. 

In this embodiment, the inboard and outboard drivers 5052', 5054' have a cam-like shape with a 

cam surface 5053 and an actuator protrusion 5055 as shown in FIGS. 109-115. The drivers 

5052', 5054' are journaled on the same shaft 5056' that is rotatably supported by the sled 

assembly 5030'. In this embodiment, the sled assembly 5030' has distal wedge segments 5060' 

for engaging the pushers 5088. FIG. 109 illustrates an initial position of two inboard or outboard 

drivers 5052', 5054' as the sled assembly 5030' is driven in the distal direction "DD". As can be 

seen in that Figure, the pusher 5088a has advanced up the wedge segment 5060' and has 

contacted the driver 5052', 5054'. Further travel of the sled assembly 5030' in the distal 

direction causes the driver 5052', 5054' to pivot in the "P" direction (FIG. 110) until the actuator 

portion 5055 contacts the end wall 5029a of the activation cavity 5026, 5028 as shown in FIG. 

111. Continued advancement of the sled assembly 5030' in the distal direction "DD" causes the 

driver 5052', 5054'to rotate in the "D" direction as shown in FIG. 112. As the driver 5052', 

5054' rotates, the pusher 5088a rides up the cam surface 5053 to the final vertical position shown 

in FIG. 113. When the pusher 5088a reaches the final vertical position shown in FIGS. 113 and 

114, the staple (not shown) supported thereon has been driven into the staple forming surface of 

the anvil to form the staple. 

[0319] FIGS. 116-121 illustrate a surgical end effector 5312 that may be employed for 

example, in connection with the tool mounting portion 1300 and shaft 2008 described in detail 

above. In various forms, the surgical end effector 5312 includes an elongated channel 5322 that 

is constructed as described above for supporting a surgical staple cartridge 5330 therein. The 

surgical staple cartridge 5330 comprises a body portion 5332 that includes a centrally disposed 

slot 5334 for accommodating an upstanding support portion 5386 of a sled assembly 5380. See 

FIGS. 116-118. The surgical staple cartridge body portion 5332 further includes a plurality of 

cavities 5336 for movably supporting staple-supporting pushers 5350 therein. The cavities 5336 

may be arranged in spaced longitudinally extending rows 5340, 5342, 5344, 5346. The rows 

5340, 5342 are located on one lateral side of the longitudinal slot 5334 and the rows 5344, 5346 

are located on the other side of longitudinal slot 5334. In at least one embodiment, the pushers 
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5350 are configured to support two surgical staples 5352 thereon. In particular, each pusher 

5350 located on one side of the elongated slot 5334 supports one staple 5352 in row 5340 and 

one staple 5352 in row 5342 in a staggered orientation. Likewise, each pusher 5350 located on 

the other side of the elongated slot 5334 supports one surgical staple 5352 in row 5344 and 

another surgical staple 5352 in row 5346 in a staggered orientation. Thus, every pusher 5350 

supports two surgical staples 5352. 

[0320] As can be further seen in FIGS. 116, 117, the surgical staple cartridge 5330 includes a 

plurality of rotary drivers 5360. More particularly, the rotary drivers 5360 on one side of the 

elongated slot 5334 are arranged in a single line 5370 and correspond to the pushers 5350 in 

lines 5340, 5342. In addition, the rotary drivers 5360 on the other side of the elongated slot 5334 

are arranged in a single line 5372 and correspond to the pushers 5350 in lines 5344, 5346. As 

can be seen in FIG. 116, each rotary driver 5360 is rotatably supported within the staple cartridge 

body 5332. More particularly, each rotary driver 5360 is rotatably received on a corresponding 

driver shaft 5362. Each driver 5360 has an arcuate ramp portion 5364 formed thereon that is 

configured to engage an arcuate lower surface 5354 formed on each pusher 5350. See FIG. 121. 

In addition, each driver 5360 has a lower support portion 5366 extend therefrom to slidably 

support the pusher 5360 on the channel 5322. Each driver 5360 has a downwardly extending 

actuation rod 5368 that is configured for engagement with a sled assembly 5380. 

[0321] As can be seen in FIG. 118, in at least one embodiment, the sled assembly 5380 

includes a base portion 5382 that has a foot portion 5384 that is sized to be slidably received in a 

slot 5333 in the channel 5322. See FIG. 116. The sled assembly 5380 includes an upstanding 

support portion 5386 that supports a tissue cutting blade or tissue cutting instrument 5388. The 

upstanding support portion 5386 terminates in a top portion 5390 that has a pair of laterally 

extending retaining fins 5392 protruding therefrom. The fins 5392 are positioned to be received 

within corresponding slots (not shown) in the anvil (not shown). As with the above-described 

embodiments, the fins 5392 and the foot portion 5384 serve to retain the anvil (not shown) in a 

desired spaced closed position as the sled assembly 5380 is driven distally through the tissue 

clamped within the surgical end effector 5312. The upstanding support portion 5386 is 

configured for attachment to a knife bar 2200 (FIG. 37). The sled assembly 5380 further has a 

horizontally-extending actuator plate 5394 that is shaped for actuating engagement with each of 

the actuation rods 5368 on the pushers 5360. 
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[0322] Operation of the surgical end effector 5312 will now be explained with reference to 

FIGS. 116 and 117. As the sled assembly 5380 is driven in the distal direction "DD" through the 

staple cartridge 5330, the actuator plate 5394 sequentially contacts the actuation rods 5368 on the 

pushers 5360. As the sled assembly 5380 continues to move distally, the actuator plate 5394 

sequentially contacts the actuator rods 5368 of the drivers 5360 on each side of the elongated slot 

5334. Such action causes the drivers 5360 to rotate from a first unactuated position to an 

actuated portion wherein the pushers 5350 are driven towards the closed anvil. As the pushers 

5350 are driven toward the anvil, the surgical staples 5352 thereon are driven into forming 

contact with the underside of the anvil. Once the robotic system 1000 determines that the sled 

assembly 5080 has reached its distal most position through sensors or other means, the control 

system of the robotic system 1000 may then retract the knife bar and sled assembly 5380 back to 

the starting position. Thereafter, the robotic control system may then activate the procedure for 

returning the anvil to the open position to release the stapled tissue. 

[0323] FIGS. 122-126 depict one form of an automated reloading system embodiment of the 

present invention, generally designated as 5500. In one form, the automated reloading system 

5500 is configured to replace a "spent" surgical end effector component in a manipulatable 

surgical tool portion of a robotic surgical system with a "new" surgical end effector component. 

As used herein, the term "surgical end effector component" may comprise, for example, a 

surgical staple cartridge, a disposable loading unit or other end effector components that, when 

used, are spent and must be replaced with a new component. Furthermore, the term "spent" 

means that the end effector component has been activated and is no longer useable for its 

intended purpose in its present state. For example, in the context of a surgical staple cartridge or 

disposable loading unit, the term "spent" means that at least some of the unformed staples that 

were previously supported therein have been "fired" therefrom. As used herein, the term "new" 

surgical end effector component refers to an end effector component that is in condition for its 

intended use. In the context of a surgical staple cartridge or disposable loading unit, for 

example, the term "new" refers to such a component that has unformed staples therein and which 

is otherwise ready for use. 

[0324] In various embodiments, the automated reloading system 5500 includes a base portion 

5502 that may be strategically located within a work envelope 1109 of a robotic arm cart 1100 

(FIG. 23A) of a robotic system 1000. As used herein, the term "manipulatable surgical tool 
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portion" collectively refers to a surgical tool of the various types disclosed herein and other 

forms of surgical robotically-actuated tools that are operably attached to, for example, a robotic 

arm cart 1100 or similar device that is configured to automatically manipulate and actuate the 

surgical tool. The term "work envelope" as used herein refers to the range of movement of the 

manipulatable surgical tool portion of the robotic system. FIG. 23A generally depicts an area 

that may comprise a work envelope of the robotic arm cart 1100. Those of ordinary skill in the 

art will understand that the shape and size of the work envelope depicted therein is merely 

illustrative. The ultimate size, shape and location of a work envelope will ultimately depend 

upon the construction, range of travel limitations, and location of the manipulatable surgical tool 

portion. Thus, the term "work envelope" as used herein is intended to cover a variety of 

different sizes and shapes of work envelopes and should not be limited to the specific size and 

shape of the sample work envelope depicted in FIG. 23A. 

[0325] As can be seen in FIG. 122, the base portion 5502 includes a new component support 

section or arrangement 5510 that is configured to operably support at least one new surgical end 

effector component in a "loading orientation". As used herein, the term "loading orientation" 

means that the new end effector component is supported in such away so as to permit the 

corresponding component support portion of the manipulatable surgical tool portion to be 

brought into loading engagement with (i.e., operably seated or operably attached to) the new end 

effector component ( or the new end effector component to be brought into loading engagement 

with the corresponding component support portion of the manipulatable surgical tool portion) 

without human intervention beyond that which may be necessary to actuate the robotic system. 

As will be further appreciated as the present Detailed Description proceeds, in at least one 

embodiment, the preparation nurse will load the new component support section before the 

surgery with the appropriate length and color cartridges (some surgical staple cartridges may 

support certain sizes of staples the size of which may be indicated by the color of the cartridge 

body) required for completing the surgical procedure. However, no direct human interaction is 

necessary during the surgery to reload the robotic endocutter. In one form, the surgical end 

effector component comprises a staple cartridge 2034 that is configured to be operably seated 

within a component support portion ( elongated channel) of any of the various other end effector 

arrangements described above. For explanation purposes, new (unused) cartridges will be 

designated as "2034a" and spent cartridges will be designated as "2034b". The Figures depict 
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cartridges 2034a, 2034b designed for use with a surgical end effector 2012 that includes a 

channel 2022 and an anvil 2024, the construction and operation of which were discussed in detail 

above. Cartridges 2034a, 2034b are identical to cartridges 2034 described above. In various 

embodiments, the cartridges 2034a, 2034b are configured to be snappingly retained (i.e., loading 

engagement) within the channel 2022 of a surgical end effector 2012. As the present Detailed 

Description proceeds, however, those of ordinary skill in the art will appreciate that the unique 

and novel features of the automated cartridge reloading system 5500 may be effectively 

employed in connection with the automated removal and installation of other cartridge 

arrangements without departing from the spirit and scope of the present invention. 

[0326] In the depicted embodiment, the term "loading orientation" means that the distal tip 

portion 2035a of the a new surgical staple cartridge 2034a is inserted into a corresponding 

support cavity 5512 in the new cartridge support section 5510 such that the proximal end portion 

2037a of the new surgical staple cartridge 2034a is located in a convenient orientation for 

enabling the arm cart 1100 to manipulate the surgical end effector 2012 into a position wherein 

the new cartridge 2034a may be automatically loaded into the channel 2022 of the surgical end 

effector 2012. In various embodiments, the base 5502 includes at least one sensor 5504 which 

communicates with the control system 1003 of the robotic controller 1001 to provide the control 

system 1003 with the location of the base 5502 and/or the reload length and color doe each 

staged or new cartridge 2034a. 

[0327] As can also be seen in the Figures, the base 5502 further includes a collection receptacle 

5520 that is configured to collect spent cartridges 2034b that have been removed or disengaged 

from the surgical end effector 2012 that is operably attached to the robotic system 1000. In 

addition, in one form, the automated reloading system 5500 includes an extraction system 5530 

for automatically removing the spent end effector component from the corresponding support 

portion of the end effector or manipulatable surgical tool portion without specific human 

intervention beyond that which may be necessary to activate the robotic system. In various 

embodiments, the extraction system 5530 includes an extraction hook member 5532. In one 

form, for example, the extraction hook member 5532 is rigidly supported on the base portion 

5502. In one embodiment, the extraction hook member has at least one hook 5534 formed 

thereon that is configured to hookingly engage the distal end 2035 of a spent cartridge 2034b 

when it is supported in the elongated channel 2022 of the surgical end effector 2012. In various 
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forms, the extraction hook member 5532 is conveniently located within a portion of the 

collection receptacle 5520 such that when the spent end effector component (cartridge 2034b) is 

brought into extractive engagement with the extraction hook member 5532, the spent end 

effector component (cartridge 2034b) is dislodged from the corresponding component support 

portion (elongated channel 2022), and falls into the collection receptacle 5020. Thus, to use this 

embodiment, the manipulatable surgical tool portion manipulates the end effector attached 

thereto to bring the distal end 2035 of the spent cartridge 2034b therein into hooking engagement 

with the hook 5534 and then moves the end effector in such a way to dislodge the spent cartridge 

2034b from the elongated channel 2022. 

[0328] In other arrangements, the extraction hook member 5532 comprises a rotatable wheel 

configuration that has a pair of diametrically-opposed hooks 5334 protruding therefrom. See 

FIGS. 122 and 125. The extraction hook member 5532 is rotatably supported within the 

collection receptacle 5520 and is coupled to an extraction motor 5540 that is controlled by the 

controller 1001 of the robotic system. This form of the automated reloading system 5500 may be 

used as follows. FIG. 124 illustrates the introduction of the surgical end effector 2012 that is 

operably attached to the manipulatable surgical tool portion 1200. As can be seen in that Figure, 

the arm cart 1100 of the robotic system 1000 locates the surgical end effector 2012 in the shown 

position wherein the hook end 5534 of the extraction member 5532 hookingly engages the distal 

end 2035 of the spent cartridge 2034b in the surgical end effector 2012. The anvil 2024 of the 

surgical end effector 2012 is in the open position. After the distal end 2035 of the spent cartridge 

2034b is engaged with the hook end 5532, the extraction motor 5540 is actuated to rotate the 

extraction wheel 5532 to disengage the spent cartridge 2034b from the channel 2022. To assist 

with the disengagement of the spent cartridge 2034b from the channel 2022 ( or if the extraction 

member 5530 is stationary), the robotic system 1000 may move the surgical end effector 2012 in 

an upward direction (arrow "U" in FIG. 125). As the spent cartridge 2034b is dislodged from the 

channel 2022, the spent cartridge 2034b falls into the collection receptacle 5520. Once the spent 

cartridge 2034b has been removed from the surgical end effector 2012, the robotic system 1000 

moves the surgical end effector 2012 to the position shown in FIG. 126. 

[0329] In various embodiments, a sensor arrangement 5533 is located adjacent to the extraction 

member 5532 that is in communication with the controller 1001 of the robotic system 1000. The 

sensor arrangement 5533 may comprise a sensor that is configured to sense the presence of the 
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surgical end effector 2012 and, more particularly the tip 2035b of the spent surgical staple 

cartridge 2034b thereof as the distal tip portion 2035b is brought into engagement with the 

extraction member 5532. In some embodiments, the sensor arrangement 5533 may comprise, for 

example, a light curtain arrangement. However, other forms of proximity sensors may be 

employed. In such arrangement, when the surgical end effector 2012 with the spent surgical 

staple cartridge 2034b is brought into extractive engagement with the extraction member 5532, 

the sensor senses the distal tip 2035b of the surgical staple cartridge 2034b (e.g., the light curtain 

is broken). When the extraction member 5532 spins and pops the surgical staple cartridge 2034b 

loose and it falls into the collection receptacle 5520, the light curtain is again unbroken. Because 

the surgical end effector 2012 was not moved during this procedure, the robotic controller 1001 

is assured that the spent surgical staple cartridge 2034b has been removed therefrom. Other 

sensor arrangements may also be successfully employed to provide the robotic controller 1001 

with an indication that the spent surgical staple cartridge 2034b has been removed from the 

surgical end effector 2012. 

[0330] As can be seen in FIG. 126, the surgical end effector 2012 is positioned to grasp a new 

surgical staple cartridge 2034a between the channel 2022 and the anvil 2024. More specifically, 

as shown in FIGS. 123 and 126, each cavity 5512 has a corresponding upstanding pressure pad 

5514 associated with it. The surgical end effector 2012 is located such that the pressure pad 

5514 is located between the new cartridge 2034a and the anvil 2024. Once in that position, the 

robotic system 1000 closes the anvil 2024 onto the pressure pad 5514 which serves to push the 

new cartridge 2034a into snapping engagement with the channel 2022 of the surgical end 

effector 2012. Once the new cartridge 2034a has been snapped into position within the 

elongated channel 2022, the robotic system 1000 then withdraws the surgical end effector 2012 

from the automated cartridge reloading system 5500 for use in connection with performing 

another surgical procedure. 

[0331] FIGS. 127-131 depict another automated reloading system 5600 that may be used to 

remove a spent disposable loading unit 3612 from a manipulatable surgical tool arrangement 

3600 (FIGS. 74-87) that is operably attached to an arm cart 1100 or other portion of a robotic 

system 1000 and reload a new disposable loading unit 3612 therein. As can be seen in FIGS. 

127 and 128, one form of the automated reloading system 5600 includes a housing 5610 that has 

a movable support assembly in the form of a rotary carrousel top plate 5620 supported thereon 
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which cooperates with the housing 5610 to form a hollow enclosed area 5612. The automated 

reloading system 5600 is configured to be operably supported within the work envelop of the 

manipulatable surgical tool portion of a robotic system as was described above. In various 

embodiments, the rotary carrousel plate 5620 has a plurality of holes 5622 for supporting a 

plurality of orientation tubes 5660 therein. As can be seen in FIGS. 128 and 129, the rotary 

carrousel plate 5620 is affixed to a spindle shaft 5624. The spindle shaft 5624 is centrally 

disposed within the enclosed area 5612 and has a spindle gear 5626 attached thereto. The 

spindle gear 5626 is in meshing engagement with a carrousel drive gear 5628 that is coupled to a 

carrousel drive motor 5630 that is in operative communication with the robotic controller 1001 

of the robotic system 1000. 

[0332] Various embodiments of the automated reloading system 5600 may also include a 

carrousel locking assembly, generally designated as 5640. In various forms, the carrousel 

locking assembly 5640 includes a cam disc 5642 that is affixed to the spindle shaft 5624. The 

spindle gear 5626 may be attached to the underside of the cam disc 5642 and the cam disc 5642 

may be keyed onto the spindle shaft 5624. In alternative arrangements, the spindle gear 5626 

and the cam disc 5642 may be independently non-rotatably affixed to the spindle shaft 5624. As 

can be seen in FIGS. 128 and 129, a plurality of notches 5644 are spaced around the perimeter of 

the cam disc 5642. A locking arm 5648 is pivotally mounted within the housing 5610 and is 

biased into engagement with the perimeter of the cam disc 5642 by a locking spring 5649. As 

can be seen in FIG. 127, the outer perimeter of the cam disc 5642 is rounded to facilitate rotation 

of the cam disc 5642 relative to the locking arm 5648. The edges of each notch 5644 are also 

rounded such that when the cam disc 5642 is rotated, the locking arm 5648 is cammed out of 

engagement with the notches 5644 by the perimeter of the cam disc 5642. 

[0333] Various forms of the automated reloading system 5600 are configured to support a 

portable/replaceable tray assembly 5650 that is configured to support a plurality of disposable 

loading units 3612 in individual orientation tubes 5660. More specifically and with reference to 

FIGS. 128 and 129, the replaceable tray assembly 5650 comprises a tray 5652 that has a 

centrally-disposed locator spindle 5654 protruding from the underside thereof. The locator 

spindle 5654 is sized to be received within a hollow end 5625 of spindle shaft 5624. The tray 

5652 has a plurality of holes 5656 therein that are configured to support an orientation tube 5660 

therein. Each orientation tube 5660 is oriented within a corresponding hole 5656 in the 
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replaceable tray assembly 5650 in a desired orientation by a locating fin 5666 on the orientation 

tube 5660 that is designed to be received within a corresponding locating slot 5658 in the tray 

assembly 5650. In at least one embodiment, the locating fin 5666 has a substantially V-shaped 

cross-sectional shape that is sized to fit within a V-shaped locating slot 5658. Such arrangement 

serves to orient the orientation tube 5660 in a desired starting position while enabling it to rotate 

within the hole 5656 when a rotary motion is applied thereto. That is, when a rotary motion is 

applied to the orientation tube 5660 the V-shaped locating fin 5666 will pop out of its 

corresponding locating slot enabling the tube 5660 to rotate relative to the tray 5652 as will be 

discussed in further detail below. As can also be seen in FIGS. 127-129, the replaceable tray 

5652 may be provided with one or more handle portions 5653 to facilitate transport of the tray 

assembly 5652 when loaded with orientation tubes 5660. 

[0334] As can be seen in FIG. 131, each orientation tube 5660 comprises a body portion 5662 

that has a flanged open end 5664. The body portion 5662 defines a cavity 5668 that is sized to 

receive a portion of a disposable loading unit 3612 therein. To properly orient the disposable 

loading unit 3612 within the orientation tube 5660, the cavity 5668 has a flat locating surface 

5670 formed therein. As can be seen in FIG. 131, the flat locating surface 5670 is configured to 

facilitate the insertion of the disposable loading unit into the cavity 5668 in a desired or 

predetermined non-rotatable orientation. In addition, the end 5669 of the cavity 5668 may 

include a foam or cushion material 5672 that is designed to cushion the distal end of the 

disposable loading unit 3612 within the cavity 5668. Also, the length of the locating surface may 

cooperate with a sliding support member 3689 of the axial drive assembly 3680 of the disposable 

loading unit3612 to further locate the disposable loading unit 3612 at a desired position within 

the orientation tube 5660. 

[0335] The orientation tubes 5660 may be fabricated from Nylon, polycarbonate, polyethylene, 

liquid crystal polymer, 6061 or 7075 aluminum, titanium, 300 or 400 series stainless steel, coated 

or painted steel, plated steel, etc. and, when loaded in the replaceable tray 5662 and the locator 

spindle 5654 is inserted into the hollow end 5625 of spindle shaft 5624, the orientation tubes 

5660 extend through corresponding holes 5662 in the carrousel top plate 5620. Each replaceable 

tray 5662 is equipped with a location sensor 5663 that communicates with the control system 

1003 of the controller 1001 of the robotic system 1000. The sensor 5663 serves to identify the 

location of the reload system, and the number, length, color and fired status of each reload 
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housed in the tray. In addition, an optical sensor or sensors 5665 that communicate with the 

robotic controller 1001 may be employed to sense the type/size/length of disposable loading 

units that are loaded within the tray 5662. 

[0336] Various embodiments of the automated reloading system 5600 further include a drive 

assembly 5680 for applying a rotary motion to the orientation tube 5660 holding the disposable 

loading unit 3612 to be attached to the shaft 3700 of the surgical tool 3600 ( collectively the 

"manipulatable surgical tool portion") that is operably coupled to the robotic system. The drive 

assembly 5680 includes a support yoke 5682 that is attached to the locking arm 5648. Thus, the 

support yoke 5682 pivots with the locking arm 5648. The support yoke 5682 rotatably supports 

a tube idler wheel 5684 and a tube drive wheel 5686 that is driven by a tube motor 5688 attached 

thereto. Tube motor 5688 communicates with the control system 1003 and is controlled thereby. 

The tube idler wheel 5684 and tube drive wheel 5686 are fabricated from, for example, natural 

rubber, sanoprene, isoplast, etc. such that the outer surfaces thereof create sufficient amount of 

friction to result in the rotation of an orientation tube 5660 in contact therewith upon activation 

of the tube motor 5688. The idler wheel 5684 and tube drive wheel 5686 are oriented relative to 

each other to create a cradle area 5687 therebetween for receiving an orientation tube 5060 in 

driving engagement therein. 

[0337] In use, one or more of the orientation tubes 5660 loaded in the automated reloading 

system 5600 are left empty, while the other orientation tubes 5660 may operably support a 

corresponding new disposable loading unit 3612 therein. As will be discussed in further detail 

below, the empty orientation tubes 5660 are employed to receive a spent disposable loading unit 

3612 therein. 

[0338] The automated reloading system 5600 may be employed as follows after the system 

5600 is located within the work envelope of the manipulatable surgical tool portion of a robotic 

system. If the manipulatable surgical tool portion has a spent disposable loading unit 3612 

operably coupled thereto, one of the orientation tubes 5660 that are supported on the replaceable 

tray 5662 is left empty to receive the spent disposable loading unit 3612 therein. If, however, the 

manipulatable surgical tool portion does not have a disposable loading unit 3612 operably 

coupled thereto, each of the orientation tubes 5660 may be provided with a properly oriented 

new disposable loading unit 3612. 
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[0339] As described hereinabove, the disposable loading unit 3612 employs a rotary "bayonet­

type" coupling arrangement for operably coupling the disposable loading unit 3612 to a 

corresponding portion of the manipulatable surgical tool portion. That is, to attach a disposable 

loading unit 3612 to the corresponding portion of the manipulatable surgical tool portion (3700 -

see FIG. 80, 81), a rotary installation motion must be applied to the disposable loading unit 3612 

and/or the corresponding portion of the manipulatable surgical tool portion when those 

components have been moved into loading engagement with each other. Such installation 

motions are collectively referred to herein as "loading motions". Likewise, to decouple a spent 

disposable loading unit 3612 from the corresponding portion of the manipulatable surgical tool, a 

rotary decoupling motion must be applied to the spent disposable loading unit 3612 and/or the 

corresponding portion of the manipulatable surgical tool portion while simultaneously moving 

the spent disposable loading unit and the corresponding portion of the manipulatable surgical 

tool away from each other. Such decoupling motions are collectively referred to herein as 

"extraction motions". 

[0340] To commence the loading process, the robotic system 1000 is activated to manipulate 

the manipulatable surgical tool portion and/or the automated reloading system 5600 to bring the 

manipulatable surgical tool portion into loading engagement with the new disposable loading 

unit 3612 that is supported in the orientation tube 5660 that is in driving engagement with the 

drive assembly 5680. Once the robotic controller 1001 (FIG. 23) of the robotic control system 

I 000 has located the manipulatable surgical tool portion in loading engagement with the new 

disposable loading unit 3612, the robotic controller 1001 activates the drive assembly 5680 to 

apply a rotary loading motion to the orientation tube 5660 in which the new disposable loading 

unit 3612 is supported and/or applies another rotary loading motion to the corresponding portion 

of the manipulatable surgical tool portion. Upon application of such rotary loading motions(s), 

the robotic controller 1001 also causes the corresponding portion of the manipulatable surgical 

tool portion to be moved towards the new disposable loading unit 3612 into loading engagement 

therewith. Once the disposable loading unit 3612 is in loading engagement with the 

corresponding portion of the manipulatable tool portion, the loading motions are discontinued 

and the manipulatable surgical tool portion may be moved away from the automated reloading 

system 5600 carrying with it the new disposable loading unit 3612 that has been operably 

coupled thereto. 
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[0341] To decouple a spent disposable loading unit 3612 from a corresponding manipulatable 

surgical tool portion, the robotic controller 1001 of the robotic system manipulates the 

manipulatable surgical tool portion so as to insert the distal end of the spent disposable loading 

unit 3612 into the empty orientation tube 5660 that remains in driving engagement with the drive 

assembly 5680. Thereafter, the robotic controller 1001 activates the drive assembly 5680 to 

apply a rotary extraction motion to the orientation tube 5660 in which the spent disposable 

loading unit 3612 is supported and/or applies a rotary extraction motion to the corresponding 

portion of the manipulatable surgical tool portion. The robotic controller 1001 also causes the 

manipulatable surgical tool portion to withdraw away from the spent rotary disposable loading 

unit 3612. Thereafter the rotary extraction motion(s) are discontinued. 

[0342] After the spent disposable loading unit 3612 has been removed from the manipulatable 

surgical tool portion, the robotic controller 1001 may activate the carrousel drive motor 5630 to 

index the carrousel top plate 5620 to bring another orientation tube 5660 that supports a new 

disposable loading unit 3612 therein into driving engagement with the drive assembly 5680. 

Thereafter, the loading process may be repeated to attach the new disposable loading unit 3612 

therein to the portion of the manipulatable surgical tool portion. The robotic controller 1001 may 

record the number of disposable loading units that have been used from a particular replaceable 

tray 5652. Once the controller 1001 determines that all of the new disposable loading units 3612 

have been used from that tray, the controller 1001 may provide the surgeon with a signal (visual 

and/or audible) indicating that the tray 5652 supporting all of the spent disposable loading units 

3612 must be replaced with a new tray 5652 containing new disposable loading units 3612. 

[0343] FIGS. 132-137 depict another non-limiting embodiment of a surgical tool 6000 of the 

present invention that is well-adapted for use with a robotic system 1000 that has a tool drive 

assembly 1010 (FIG. 27) that is operatively coupled to a master controller 1001 that is operable 

by inputs from an operator (i.e., a surgeon). As can be seen in FIG. 132, the surgical tool 6000 

includes a surgical end effector 6012 that comprises an endocutter. In at least one form, the 

surgical tool 6000 generally includes an elongated shaft assembly 6008 that has a proximal 

closure tube 6040 and a distal closure tube 6042 that are coupled together by an articulation joint 

6100. The surgical tool 6000 is operably coupled to the manipulator by a tool mounting portion, 

generally designated as 6200. The surgical tool 6000 further includes an interface 6030 which 
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may mechanically and electrically couple the tool mounting portion 6200 to the manipulator in 

the various manners described in detail above. 

[0344] In at least one embodiment, the surgical tool 6000 includes a surgical end effector 6012 

that comprises, among other things, at least one component 6024 that is selectively movable 

between first and second positions relative to at least one other component 6022 in response to 

various control motions applied to component 6024 as will be discussed in further detail below 

to pelform a surgical procedure. In various embodiments, component 6022 comprises an 

elongated channel 6022 configured to operably support a surgical staple cartridge 6034 therein 

and component 6024 comprises a pivotally translatable clamping member, such as an anvil 6024. 

Various embodiments of the surgical end effector 6012 are configured to maintain the anvil 6024 

and elongated channel 6022 at a spacing that assures effective stapling and severing of tissue 

clamped in the surgical end effector 6012. Unless otherwise stated, the end effector 6012 is 

similar to the surgical end effector 2012 described above and includes a cutting instrument (not 

shown) and a sled (not shown). The anvil 6024 may include a tab 6027 at its proximal end that 

interacts with a component of the mechanical closure system (described further below) to 

facilitate the opening of the anvil 6024. The elongated channel 6022 and the anvil 6024 may be 

made of an electrically conductive material (such as metal) so that they may serve as part of an 

antenna that communicates with sensor(s) in the end effector, as described above. The surgical 

staple cartridge 6034 could be made of a nonconductive material (such as plastic) and the sensor 

may be connected to or disposed in the surgical staple cartridge 6034, as was also described 

above. 

[0345] As can be seen in FIG. 132, the surgical end effector 6012 is attached to the tool 

mounting portion 6200 by the elongated shaft assembly 6008 according to various embodiments. 

As shown in the illustrated embodiment, the elongated shaft assembly 6008 includes an 

articulation joint generally designated as 6100 that enables the surgical end effector 6012 to be 

selectively articulated about a first tool articulation axis AAl-AAl that is substantially transverse 

to a longitudinal tool axis LT-LT and a second tool articulation axis AA2-AA2 that is 

substantially transverse to the longitudinal tool axis LT-LT as well as the first articulation axis 

AAl-AAl. See FIG. 133. In various embodiments, the elongated shaft assembly 6008 includes 

a closure tube assembly 6009 that comprises a proximal closure tube 6040 and a distal closure 
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tube 6042 that are pivotably linked by a pivot links 6044 and 6046. The closure tube assembly 

6009 is movably supported on a spine assembly generally designated as 6102. 

[0346] As can be seen in FIG. 134, the proximal closure tube 6040 is pivotally linked to an 

intermediate closure tube joint 6043 by an upper pivot link 6044U and a lower pivot link 6044L 

such that the intermediate closure tube joint 6043 is pivotable relative to the proximal closure 

tube 6040 about a first closure axis CAl-CAl and a second closure axis CA2-CA2. In various 

embodiments, the first closure axis CAl-CAl is substantially parallel to the second closure axis 

CA2-CA2 and both closure axes CAl-CAl, CA2-CA2 are substantially transverse to the 

longitudinal tool axis LT-LT. As can be further seen in FIG. 134, the intermediate closure tube 

joint 6043 is pivotally linked to the distal closure tube 6042 by a left pivot link 6046L and a right 

pivot link 6046R such that the intermediate closure tube joint 6043 is pivotable relative to the 

distal closure tube 6042 about a third closure axis CA3-CA3 and a fourth closure axis CA4-CA4. 

In various embodiments, the third closure axis CA3-CA3 is substantially parallel to the fourth 

closure axis CA4-CA4 and both closure axes CA3-CA3, CA4-CA4 are substantially transverse 

to the first and second closure axes CA 1-CA 1, CA2-CA2 as well as to longitudinal tool axis LT­

LT. 

[0347] The closure tube assembly 6009 is configured to axially slide on the spine assembly 

6102 in response to actuation motions applied thereto. The distal closure tube 6042 includes an 

opening 6045 which interfaces with the tab 6027 on the anvil 6024 to facilitate opening of the 

anvil 6024 as the distal closure tube 6042 is moved axially in the proximal direction "PD". The 

closure tubes 6040, 6042 may be made of electrically conductive material (such as metal) so that 

they may serve as part of the antenna, as described above. Components of the spine assembly 

6102 may be made of a nonconductive material (such as plastic). 

[0348] As indicated above, the surgical tool 6000 includes a tool mounting portion 6200 that is 

configured for operable attachment to the tool mounting assembly 1010 of the robotic system 

1000 in the various manners described in detail above. As can be seen in FIG. 136, the tool 

mounting portion 6200 comprises a tool mounting plate 6202 that operably supports a 

transmission arrangement 6204 thereon. In various embodiments, the transmission arrangement 

6204 includes an articulation transmission 6142 that comprises a portion of an articulation 

system 6140 for articulating the surgical end effector 6012 about a first tool articulation axis 

TAl-TAl and a second tool articulation axis TA2-TA2. The first tool articulation axis TAl-
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TAl is substantially transverse to the second tool articulation axis TA2-TA2 and both of the first 

and second tool articulation axes are substantially transverse to the longitudinal tool axis LT-LT. 

See FIG. 133. 

[0349] To facilitate selective articulation of the surgical end effector 6012 about the first and 

second tool articulation axes TAl-TAl, TA2-TA2, the spine assembly 6102 comprises a 

proximal spine portion 6110 that is pivotally coupled to a distal spine portion 6120 by pivot pins 

6122 for selective pivotal travel about TAl-TAl. Similarly, the distal spine portion 6120 is 

pivotally attached to the elongated channel 6022 of the surgical end effector 6012 by pivot pins 

6124 to enable the surgical end effector 6012 to selectively pivot about the second tool axis TA2-

TA2 relative to the distal spine portion 6120. 

[0350] In various embodiments, the articulation system 6140 further includes a plurality of 

articulation elements that operably interface with the surgical end effector 6012 and an 

articulation control arrangement 6160 that is operably supported in the tool mounting member 

6200 as will described in further detail below. In at least one embodiment, the articulation 

elements comprise a first pair of first articulation cables 6144 and 6146. The first articulation 

cables are located on a first or right side of the longitudinal tool axis. Thus, the first articulation 

cables are referred to herein as a right upper cable 6144 and a right lower cable 6146. The right 

upper cable 6144 and the right lower cable 6146 extend through corresponding passages 6147, 

6148, respectively along the right side of the proximal spine portion 6110. See FIG. 137. The 

articulation system 6140 further includes a second pair of second articulation cables 6150, 6152. 

The second articulation cables are located on a second or left side of the longitudinal tool axis. 

Thus, the second articulation cables are referred to herein as a left upper articulation cable 6150 

and a left articulation cable 6152. The left upper articulation cable 6150 and the left lower 

articulation cable 6152 extend through passages 6153, 6154, respectively in the proximal spine 

portion 6110. 

[0351] As can be seen in FIG. 133, the right upper cable 6144 extends around an upper pivot 

joint 6123 and is attached to a left upper side of the elongated channel 6022 at a left pivot joint 

6125. The right lower cable 6146 extends around a lower pivot joint 6126 and is attached to a 

left lower side of the elongated channel 6022 at left pivot joint 6125. The left upper cable 6150 

extends around the upper pivot joint 6123 and is attached to a right upper side of the elongated 

channel 6022 at a right pivot joint 6127. The left lower cable 6152 extends around the lower 
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pivot joint 6126 and is attached to a right lower side of the elongated channel 6022 at right pivot 

joint 6127. Thus, to pivot the surgical end effector 6012 about the first tool articulation axis 

TAl-TAl to the left (arrow "L"), the right upper cable 6144 and the right lower cable 6146 must 

be pulled in the proximal direction "PD". To articulate the surgical end effector 6012 to the right 

( arrow "R") about the first tool articulation axis TA 1-TA 1, the left upper cable 6150 and the left 

lower cable 6152 must be pulled in the proximal direction "PD". To articulate the surgical end 

effector 6012 about the second tool articulation axis TA2-TA2, in an upward direction ( arrow 

"U"), the right upper cable 6144 and the left upper cable 6150 must be pulled in the proximal 

direction "PD". To articulate the surgical end effector 6012 in the downward direction (arrow 

"DW") about the second tool articulation axis TA2-TA2, the right lower cable 6146 and the left 

lower cable 6152 must be pulled in the proximal direction "PD". 

[0352] The proximal ends of the articulation cables 6144, 6146, 6150, 6152 are coupled to the 

articulation control arrangement 6160 which comprises a ball joint assembly that is a part of the 

articulation transmission 6142. More specifically and with reference to FIG. 137, the ball joint 

assembly 6160 includes a ball-shaped member 6162 that is formed on a proximal portion of the 

proximal spine 6110. Movably supported on the ball-shaped member 6162 is an articulation 

control ring 6164. As can be further seen in FIG. 137, the proximal ends of the articulation 

cables 6144, 6146, 6150, 6152 are coupled to the articulation control ring 6164 by corresponding 

ball joint arrangements 6166. The articulation control ring 6164 is controlled by an articulation 

drive assembly 6170. As can be most particularly seen in FIG. 137, the proximal ends of the 

first articulation cables 6144, 6146 are attached to the articulation control ring 6164 at 

corresponding spaced first points 6149, 6151 that are located on plane 6159. Likewise, the 

proximal ends of the second articulation cables 6150, 6152 are attached to the articulation 

control ring 6164 at corresponding spaced second points 6153, 6155 that are also located along 

plane 6159. As the present Detailed Description proceeds, those of ordinary skill in the art will 

appreciate that such cable attachment configuration on the articulation control ring 6164 

facilitates the desired range of articulation motions as the articulation control ring 6164 is 

manipulated by the articulation drive assembly 6170. 

[0353] In various forms, the articulation drive assembly 6170 comprises a horizontal 

articulation assembly generally designated as 6171. In at least one form, the horizontal 

articulation assembly 6171 comprises a horizontal push cable 6172 that is attached to a 
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horizontal gear arrangement 6180. The articulation drive assembly 6170 further comprises a 

vertically articulation assembly generally designated as 6173. In at least one form, the vertical 

articulation assembly 6173 comprises a vertical push cable 6174 that is attached to a vertical gear 

arrangement 6190. As can be seen in FIGS. 136 and 137, the horizontal push cable 6172 extends 

through a support plate 6167 that is attached to the proximal spine portion 6110. The distal end 

of the horizontal push cable 617 4 is attached to the articulation control ring 6164 by a 

corresponding ball/pivot joint 6168. The vertical push cable 6174 extends through the support 

plate 6167 and the distal end thereof is attached to the articulation control ring 6164 by a 

corresponding ball/pivot joint 6169. 

[0354] The horizontal gear arrangement 6180 includes a horizontal driven gear 6182 that is 

pivotally mounted on a horizontal shaft 6181 that is attached to a proximal portion of the 

proximal spine portion 6110. The proximal end of the horizontal push cable 6172 is pivotally 

attached to the horizontal driven gear 6182 such that, as the horizontal driven gear 6172 is 

rotated about horizontal pivot axis HA, the horizontal push cable 6172 applies a first pivot 

motion to the articulation control ring 6164. Likewise, the vertical gear arrangement 6190 

includes a vertical driven gear 6192 that is pivotally supported on a vertical shaft 6191 attached 

to the proximal portion of the proximal spine portion 6110 for pivotal travel about a vertical 

pivot axis VA. The proximal end of the vertical push cable 6174 is pivotally attached to the 

vertical driven gear 6192 such that as the vertical driven gear 6192 is rotated about vertical pivot 

axis VA, the vertical push cable 6174 applies a second pivot motion to the articulation control 

ring 6164. 

[0355] The horizontal driven gear 6182 and the vertical driven gear 6192 are driven by an 

articulation gear train 6300 that operably interfaces with an articulation shifter assembly 6320. 

In at least one form, the articulation shifter assembly comprises an articulation drive gear 6322 

that is coupled to a corresponding one of the driven discs or elements 1304 on the adapter side 

1307 of the tool mounting plate 6202. See FIG. 31. Thus, application of a rotary input motion 

from the robotic system 1000 through the tool drive assembly 1010 to the corresponding driven 

element 1304 will cause rotation of the articulation drive gear 6322 when the interface 1230 is 

coupled to the tool holder 1270. An articulation driven gear 6324 is attached to a splined shifter 

shaft 6330 that is rotatably supported on the tool mounting plate 6202. The articulation driven 

gear 6324 is in meshing engagement with the articulation drive gear 6322 as shown. Thus, 
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rotation of the articulation drive gear 6322 will result in the rotation of the shaft 6330. In various 

forms, a shifter driven gear assembly 6340 is movably supported on the splined portion 6332 of 

the shifter shaft 6330. 

[0356] In various embodiments, the shifter driven gear assembly 6340 includes a driven shifter 

gear 6342 that is attached to a shifter plate 6344. The shifter plate 6344 operably interfaces with 

a shifter solenoid assembly 6350. The shifter solenoid assembly 6350 is coupled to 

corresponding pins 6352 by conductors 6352. See FIG. 136. Pins 6352 are oriented to 

electrically communicate with slots 1258 (FIG. 30) on the tool side 1244 of the adaptor 1240. 

Such arrangement serves to electrically couple the shifter solenoid assembly 6350 to the robotic 

controller 1001. Thus, activation of the shifter solenoid 6350 will shift the shifter driven gear 

assembly 6340 on the splined portion 6332 of the shifter shaft 6330 as represented by arrow "S" 

in FIGS. 136 and 137. Various embodiments of the articulation gear train 6300 further include a 

horizontal gear assembly 6360 that includes a first horizontal drive gear 6362 that is mounted on 

a shaft 6361 that is rotatably attached to the tool mounting plate 6202. The first horizontal drive 

gear 6362 is supported in meshing engagement with a second horizontal drive gear 6364. As can 

be seen in FIG. 137, the horizontal driven gear 6182 is in meshing engagement with the distal 

face portion 6365 of the second horizontal driven gear 6364. 

[0357] Various embodiments of the articulation gear train 6300 further include a vertical gear 

assembly 6370 that includes a first vertical drive gear 6372 that is mounted on a shaft 6371 that 

is rotatably supported on the tool mounting plate 6202. The first vertical drive gear 6372 is 

supported in meshing engagement with a second vertical drive gear 6374 that is concentrically 

supported with the second horizontal drive gear 6364. The second vertical drive gear 6374 is 

rotatably supported on the proximal spine portion 6110 for travel therearound. The second 

horizontal drive gear 6364 is rotatably supported on a portion of said second vertical drive gear 

6374 for independent rotatable travel thereon. As can be seen in FIG. 137, the vertical driven 

gear 6192 is in meshing engagement with the distal face portion 6375 of the second vertical 

driven gear 6374. 

[0358] In various forms, the first horizontal drive gear 6362 has a first diameter and the first 

vertical drive gear 6372 has a second diameter. As can be seen in FIGS. 136 and 137, the shaft 

6361 is not on a common axis with shaft 6371. That is, the first horizontal driven gear 6362 and 

the first vertical driven gear 6372 do not rotate about a common axis. Thus, when the shifter 
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gear 6342 is positioned in a center "locking" position such that the shifter gear 6342 is in 

meshing engagement with both the first horizontal driven gear 6362 and the first vertical drive 

gear 6372, the components of the articulation system 6140 are locked in position. Thus, the 

shiftable shifter gear 6342 and the arrangement of first horizontal and vertical drive gears 6362, 

6372 as well as the articulation shifter assembly 6320 collectively may be referred to as an 

articulation locking system, generally designated as 6380. 

[0359] In use, the robotic controller 1001 of the robotic system 1000 may control the 

articulation system 6140 as follows. To articulate the end effector 6012 to the left about the first 

tool articulation axis TAl-TAl, the robotic controller 1001 activates the shifter solenoid 

assembly 6350 to bring the shifter gear 6342 into meshing engagement with the first horizontal 

drive gear 6362. Thereafter, the controller 1001 causes a first rotary output motion to be applied 

to the articulation drive gear 6322 to drive the shifter gear in a first direction to ultimately drive 

the horizontal driven gear 6182 in another first direction. The horizontal driven gear 6182 is 

driven to pivot the articulation ring 6164 on the ball-shaped portion 6162 to thereby pull right 

upper cable 6144 and the right lower cable 6146 in the proximal direction "PD". To articulate 

the end effector 6012 to the right about the first tool articulation axis TAl-TAl, the robotic 

controller 1001 activates the shifter solenoid assembly 6350 to bring the shifter gear 6342 into 

meshing engagement with the first horizontal drive gear 6362. Thereafter, the controller 1001 

causes the first rotary output motion in an opposite direction to be applied to the articulation 

drive gear 6322 to drive the shifter gear 6342 in a second direction to ultimately drive the 

horizontal driven gear 6182 in another second direction. Such actions result in the articulation 

control ring 6164 moving in such a manner as to pull the left upper cable 6150 and the left lower 

cable 6152 in the proximal direction "PD". In various embodiments the gear ratios and frictional 

forces generated between the gears of the vertical gear assembly 6370 serve to prevent rotation 

of the vertical driven gear 6192 as the horizontal gear assembly 6360 is actuated. 

[0360] To articulate the end effector 6012 in the upper direction about the second tool 

articulation axis TA2-TA2, the robotic controller 1001 activates the shifter solenoid assembly 

6350 to bring the shifter gear 6342 into meshing engagement with the first vertical drive gear 

6372. Thereafter, the controller 1001 causes the first rotary output motion to be applied to the 

articulation drive gear 6322 to drive the shifter gear 6342 in a first direction to ultimately drive 

the vertical driven gear 6192 in another first direction. The vertical driven gear 6192 is driven to 
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pivot the articulation ring 6164 on the ball-shaped portion 6162 of the proximal spine portion 

6110 to thereby pull right upper cable 6144 and the left upper cable 6150 in the proximal 

direction "PD". To articulate the end effector 6012 in the downward direction about the second 

tool articulation axis TA2-TA2, the robotic controller 1001 activates the shifter solenoid 

assembly 6350 to bring the shifter gear 6342 into meshing engagement with the first vertical 

drive gear 6372. Thereafter, the controller 1001 causes the first rotary output motion to be 

applied in an opposite direction to the articulation drive gear 6322 to drive the shifter gear 6342 

in a second direction to ultimately drive the vertical driven gear 6192 in another second 

direction. Such actions thereby cause the articulation control ring 6164 to pull the right lower 

cable 6146 and the left lower cable 6152 in the proximal direction "PD". In various 

embodiments, the gear ratios and frictional forces generated between the gears of the horizontal 

gear assembly 6360 serve to prevent rotation of the horizontal driven gear 6182 as the vertical 

gear assembly 6370 is actuated. 

[0361] In various embodiments, a variety of sensors may communicate with the robotic 

controller 1001 to determine the articulated position of the end effector 6012. Such sensors may 

interface with, for example, the articulation joint 6100 or be located within the tool mounting 

portion 6200. For example, sensors may be employed to detect the position of the articulation 

control ring 6164 on the ball-shaped portion 6162 of the proximal spine portion 6110. Such 

feedback from the sensors to the controller 1001 permits the controller 1001 to adjust the amount 

of rotation and the direction of the rotary output to the articulation drive gear 6322. Further, as 

indicated above, when the shifter drive gear 6342 is centrally positioned in meshing engagement 

with the first horizontal drive gear 6362 and the first vertical drive gear 6372, the end effector 

6012 is locked in the articulated position. Thus, after the desired amount of articulation has been 

attained, the controller 1001 may activate the shifter solenoid assembly 6350 to bring the shifter 

gear 6342 into meshing engagement with the first horizontal drive gear 6362 and the first vertical 

drive gear 6372. In alternative embodiments, the shifter solenoid assembly 6350 may be spring 

activated to the central locked position. 

[0362] In use, it may be desirable to rotate the surgical end effector 6012 about the longitudinal 

tool axis LT-LT. In at least one embodiment, the transmission arrangement 6204 on the tool 

mounting portion includes a rotational transmission assembly 6400 that is configured to receive a 

corresponding rotary output motion from the tool drive assembly 1010 of the robotic system 
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1000 and convert that rotary output motion to a rotary control motion for rotating the elongated 

shaft assembly 6008 (and surgical end effector 6012) about the longitudinal tool axis LT-LT. In 

various embodiments, for example, a proximal end portion 6041 of the proximal closure tube 

6040 is rotatably supported on the tool mounting plate 6202 of the tool mounting portion 6200 

by a forward support cradle 6205 and a closure sled 6510 that is also movably supported on the 

tool mounting plate 6202. In at least one form, the rotational transmission assembly 6400 

includes a tube gear segment 6402 that is formed on (or attached to) the proximal end 6041 of 

the proximal closure tube 6040 for operable engagement by a rotational gear assembly 6410 that 

is operably supported on the tool mounting plate 6202. As can be seen in FIG. 136, the 

rotational gear assembly 6410, in at least one embodiment, comprises a rotation drive gear 6412 

that is coupled to a corresponding second one of the driven discs or elements 1304 on the adapter 

side 1307 of the tool mounting plate 6202 when the tool mounting portion 6200 is coupled to the 

tool drive assembly 1010. See FIG. 31. The rotational gear assembly 6410 further comprises a 

first rotary driven gear 6414 that is rotatably supported on the tool mounting plate 6202 in 

meshing engagement with the rotation drive gear 6412. The first rotary driven gear 6414 is 

attached to a drive shaft 6416 that is rotatably supported on the tool mounting plate 6202. A 

second rotary driven gear 6418 is attached to the drive shaft 6416 and is in meshing engagement 

with tube gear segment 6402 on the proximal closure tube 6040. Application of a second rotary 

output motion from the tool drive assembly 1010 of the robotic system 1000 to the 

corresponding driven element 1304 will thereby cause rotation of the rotation drive gear 6412. 

Rotation of the rotation drive gear 6412 ultimately results in the rotation of the elongated shaft 

assembly 6008 (and the surgical end effector 6012) about the longitudinal tool axis LT-LT. It 

will be appreciated that the application of a rotary output motion from the tool drive assembly 

1010 in one direction will result in the rotation of the elongated shaft assembly 6008 and surgical 

end effector 6012 about the longitudinal tool axis LT-LT in a first direction and an application of 

the rotary output motion in an opposite direction will result in the rotation of the elongated shaft 

assembly 6008 and surgical end effector 6012 in a second direction that is opposite to the first 

direction. 

[0363] In at least one embodiment, the closure of the anvil 2024 relative to the staple cartridge 

2034 is accomplished by axially moving a closure portion of the elongated shaft assembly 2008 

in the distal direction "DD" on the spine assembly 2049. As indicated above, in various 
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embodiments, the proximal end portion 6041 of the proximal closure tube 6040 is supported by 

the closure sled 6510 which comprises a portion of a closure transmission, generally depicted as 

6512. As can be seen in FIG. 136, the proximal end portion 6041 of the proximal closure tube 

portion 6040 has a collar 6048 formed thereon. The closure sled 6510 is coupled to the collar 

6048 by a yoke 6514 that engages an annular groove 6049 in the collar 6048. Such arrangement 

serves to enable the collar 6048 to rotate about the longitudinal tool axis LT-LT while still being 

coupled to the closure transmission 6512. In various embodiments, the closure sled 6510 has an 

upstanding portion 6516 that has a closure rack gear 6518 formed thereon. The closure rack gear 

6518 is configured for driving engagement with a closure gear assembly 6520. See FIG. 136. 

[0364] In various forms, the closure gear assembly 6520 includes a closure spur gear 6522 that 

is coupled to a corresponding second one of the driven discs or elements 1304 on the adapter 

side 1307 of the tool mounting plate 6202. See FIG. 31. Thus, application of a third rotary 

output motion from the tool drive assembly 1010 of the robotic system 1000 to the 

corresponding second driven element 1304 will cause rotation of the closure spur gear 6522 

when the tool mounting portion 6202 is coupled to the tool drive assembly 1010. The closure 

gear assembly 6520 further includes a closure reduction gear set 6524 that is supported in 

meshing engagement with the closure spur gear 6522 and the closure rack gear 2106. Thus, 

application of a third rotary output motion from the tool drive assembly 1010 of the robotic 

system 1000 to the corresponding second driven element 1304 will cause rotation of the closure 

spur gear 6522 and the closure transmission 6512 and ultimately drive the closure sled 6510 and 

the proximal closure tube 6040 axially on the proximal spine portion 6110. The axial direction 

in which the proximal closure tube 6040 moves ultimately depends upon the direction in which 

the third driven element 1304 is rotated. For example, in response to one rotary output motion 

received from the tool drive assembly 1010 of the robotic system 1000, the closure sled 6510 

will be driven in the distal direction "DD" and ultimately drive the proximal closure tube 6040 in 

the distal direction "DD". As the proximal closure tube 6040 is driven distally, the distal closure 

tube 6042 is also driven distally by virtue of it connection with the proximal closure tube 6040. 

As the distal closure tube 6042 is driven distally, the end of the closure tube 6042 will engage a 

portion of the anvil 6024 and cause the anvil 6024 to pivot to a closed position. Upon 

application of an "opening" out put motion from the tool drive assembly 1010 of the robotic 

system 1000, the closure sled 6510 and the proximal closure tube 6040 will be driven in the 
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proximal direction "PD" on the proximal spine portion 6110. As the proximal closure tube 6040 

is driven in the proximal direction "PD", the distal closure tube 6042 will also be driven in the 

proximal direction "PD". As the distal closure tube 6042 is driven in the proximal direction 

"PD", the opening 6045 therein interacts with the tab 6027 on the anvil 6024 to facilitate the 

opening thereof. In various embodiments, a spring (not shown) may be employed to bias the 

anvil 6024 to the open position when the distal closure tube 6042 has been moved to its starting 

position. In various embodiments, the various gears of the closure gear assembly 6520 are sized 

to generate the necessary closure forces needed to satisfactorily close the anvil 6024 onto the 

tissue to be cut and stapled by the surgical end effector 6012. For example, the gears of the 

closure transmission 6520 may be sized to generate approximately 70-120 pounds of closure 

forces. 

[0365] In various embodiments, the cutting instrument is driven through the surgical end 

effector 6012 by a knife bar 6530. See FIG. 136. In at least one form, the knife bar 6530 is 

fabricated with a joint arrangement (not shown) and/or is fabricated from material that can 

accommodate the articulation of the surgical end effector 6102 about the first and second tool 

articulation axes while remaining sufficiently rigid so as to push the cutting instrument through 

tissue clamped in the surgical end effector 6012. The knife bar 6530 extends through a hollow 

passage 6532 in the proximal spine portion 6110. 

[0366] In various embodiments, a proximal end 6534 of the knife bar 6530 is rotatably affixed 

to a knife rack gear 6540 such that the knife bar 6530 is free to rotate relative to the knife rack 

gear 6540. The distal end of the knife bar 6530 is attached to the cutting instrument in the 

various manners described above. As can be seen in FIG. 136, the knife rack gear 6540 is 

slidably supported within a rack housing 6542 that is attached to the tool mounting plate 6202 

such that the knife rack gear 6540 is retained in meshing engagement with a knife drive 

transmission portion 6550 of the transmission arrangement 6204. In various embodiments, the 

knife drive transmission portion 6550 comprises a knife gear assembly 6560. More specifically 

and with reference to FIG. 136, in at least one embodiment, the knife gear assembly 6560 

includes a knife spur gear 6562 that is coupled to a corresponding fourth one of the driven discs 

or elements 1304 on the adapter side 1307 of the tool mounting plate 6202. See FIG. 31. Thus, 

application of another rotary output motion from the robotic system 1000 through the tool drive 

assembly 1010 to the corresponding fourth driven element 1304 will cause rotation of the knife 
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spur gear 6562. The knife gear assembly 6560 further includes a knife gear reduction set 6564 

that includes a first knife driven gear 6566 and a second knife drive gear 6568. The knife gear 

reduction set 6564 is rotatably mounted to the tool mounting plate 6202such that the firs knife 

driven gear 6566 is in meshing engagement with the knife spur gear 6562. Likewise, the second 

knife drive gear 6568 is in meshing engagement with a third knife drive gear assembly 6570. As 

shown in FIG. 136, the second knife driven gear 6568 is in meshing engagement with a fourth 

knife driven gear 6572 of the third knife drive gear assembly 6570. The fourth knife driven gear 

6572 is in meshing engagement with a fifth knife driven gear assembly 6574 that is in meshing 

engagement with the knife rack gear 6540. In various embodiments, the gears of the knife gear 

assembly 6560 are sized to generate the forces needed to drive the cutting instrument through the 

tissue clamped in the surgical end effector 6012 and actuate the staples therein. For example, the 

gears of the knife gear assembly 6560 may be sized to generate approximately 40 to 100 pounds 

of driving force. It will be appreciated that the application of a rotary output motion from the 

tool drive assembly 1010 in one direction will result in the axial movement of the cutting 

instrument in a distal direction and application of the rotary output motion in an opposite 

direction will result in the axial travel of the cutting instrument in a proximal direction. 

[0367] As can be appreciated from the foregoing description, the surgical tool 6000 represents 

a vast improvement over prior robotic tool arrangements. The unique and novel transmission 

arrangement employed by the surgical tool 6000 enables the tool to be operably coupled to a tool 

holder portion 1010 of a robotic system that only has four rotary output bodies, yet obtain the 

rotary output motions therefrom to: (i) articulate the end effector about two different articulation 

axes that are substantially transverse to each other as well as the longitudinal tool axis; (ii) rotate 

the end effector 6012 about the longitudinal tool axis; (iii) close the anvil 6024 relative to the 

surgical staple cartridge 6034 to varying degrees to enable the end effector 6012 to be used to 

manipulate tissue and then clamp it into position for cutting and stapling; and (iv) firing the 

cutting instrument to cut through the tissue clamped within the end effector 6012. The unique 

and novel shifter arrangements of various embodiments of the present invention described above 

enable two different articulation actions to be powered from a single rotatable body portion of 

the robotic system. 

[0368] The various embodiments of the present invention have been described above in 

connection with cutting-type surgical instruments. It should be noted, however, that in other 
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embodiments, the inventive surgical instrument disclosed herein need not be a cutting-type 

surgical instrument, but rather could be used in any type of surgical instrument including remote 

sensor transponders. For example, it could be a non-cutting endoscopic instrument, a grasper, a 

stapler, a clip applier, an access device, a drug/gene therapy delivery device, an energy device 

using ultrasound, RF, laser, etc. In addition, the present invention may be in laparoscopic 

instruments, for example. The present invention also has application in conventional endoscopic 

and open surgical instrumentation as well as robotic-assisted surgery. 

[0369] FIG. 138 depicts use of various aspects of certain embodiments of the present invention 

in connection with a surgical tool 7000 that has an ultrasonically powered end effector 7012. 

The end effector 7012 is operably attached to a tool mounting portion 7100 by an elongated shaft 

assembly 7008. The tool mounting portion 7100 may be substantially similar to the various tool 

mounting portions described hereinabove. In one embodiment, the end effector 7012 includes an 

ultrasonically powered jaw portion 7014 that is powered by alternating current or direct current 

in a known manner. Such ultrasonically-powered devices are disclosed, for example, in U.S. 

Patent No. 6,783,524, entitled "Robotic Surgical Tool With Ultrasound Cauterizing and Cutting 

Instrument", the entire disclosure of which is herein incorporated by reference. In the illustrated 

embodiment, a separate power cord 7020 is shown. It will be understood, however, that the 

power may be supplied thereto from the robotic controller 1001 through the tool mounting 

portion 7100. The surgical end effector 7012 further includes a movable jaw 7016 that may be 

used to clamp tissue onto the ultrasonic jaw portion 7014. The movable jaw portion 7016 may 

be selectively actuated by the robotic controller 1001 through the tool mounting portion 7100 in 

anyone of the various manners herein described. 

[0370] FIG. 139 illustrates use of various aspects of certain embodiments of the present 

invention in connection with a surgical tool 8000 that has an end effector 8012 that comprises a 

linear stapling device. The end effector 8012 is operably attached to a tool mounting portion 

8100 by an elongated shaft assembly 3700 of the type and construction describe above. 

However, the end effector 8012 may be attached to the tool mounting portion 8100 by a variety 

of other elongated shaft assemblies described herein. In one embodiment, the tool mounting 

portion 8100 may be substantially similar to tool mounting portion 3750. However, various 

other tool mounting portions and their respective transmission arrangements describe in detail 

herein may also be employed. Such linear stapling head portions are also disclosed, for example, 
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in U.S. Patent No. 7,673,781, entitled "Surgical Stapling Device With Staple Driver That 

Supports Multiple Wire Diameter Staples", the entire disclosure of which is herein incorporated 

by reference. 

[0371] Various sensor embodiments described in U.S. Patent Publication No. 2011/0062212 

Al to Shelton, IV et al., the disclosure of which is herein incorporated by reference in its 

entirety, may be employed with many of the surgical tool embodiments disclosed herein. As was 

indicated above, the master controller 1001 generally includes master controllers (generally 

represented by 1003) which are grasped by the surgeon and manipulated in space while the 

surgeon views the procedure via a stereo display 1002. See FIG. 1. The master controllers 1001 

are manual input devices which preferably move with multiple degrees of freedom, and which 

often further have an actuatable handle for actuating the surgical tools. Some of the surgical tool 

embodiments disclosed herein employ a motor or motors in their tool drive portion to supply 

various control motions to the tool's end effector. Such embodiments may also obtain additional 

control motion(s) from the motor arrangement employed in the robotic system components. 

Other embodiments disclosed herein obtain all of the control motions from motor arrangements 

within the robotic system. 

[0372] Such motor powered arrangements may employ various sensor arrangements that are 

disclosed in the published US patent application cited above to provide the surgeon with a 

variety of forms of feedback without departing from the spirit and scope of the present invention. 

For example, those master controller arrangements 1003 that employ a manually actuatable 

firing trigger can employ run motor sensor(s) to provide the surgeon with feedback relating to 

the amount of force applied to or being experienced by the cutting member. The run motor 

sensor(s) may be configured for communication with the firing trigger portion to detect when the 

firing trigger portion has been actuated to commence the cutting/stapling operation by the end 

effector. The run motor sensor may be a proportional sensor such as, for example, a rheostat or 

variable resistor. When the firing trigger is drawn in, the sensor detects the movement, and sends 

an electrical signal indicative of the voltage ( or power) to be supplied to the corresponding 

motor. When the sensor is a variable resistor or the like, the rotation of the motor may be 

generally proportional to the amount of movement of the firing trigger. That is, if the operator 

only draws or closes the firing trigger in a small amount, the rotation of the motor is relatively 

low. When the firing trigger is fully drawn in ( or in the fully closed position), the rotation of the 
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motor is at its maximum. In other words, the harder the surgeon pulls on the firing trigger, the 

more voltage is applied to the motor causing greater rates of rotation. Other arrangements may 

provide the surgeon with a feed back meter 1005 that may be viewed through the display 1002 

and provide the surgeon with a visual indication of the amount of force being applied to the 

cutting instrument or dynamic clamping member. Other sensor arrangements may be employed 

to provide the master controller 1001 with an indication as to whether a staple cartridge has been 

loaded into the end effector, whether the anvil has been moved to a closed position prior to 

firing, etc. 

[0373] In alternative embodiments, a motor-controlled interface may be employed in 

connection with the controller 1001 that limit the maximum trigger pull based on the amount of 

loading (e.g., clamping force, cutting force, etc.) experienced by the surgical end effector. For 

example, the harder it is to drive the cutting instrument through the tissue clamped within the end 

effector, the harder it would be to pull/actuate the activation trigger. In still other embodiments, 

the trigger on the controller 1001 is arranged such that the trigger pull location is proportionate to 

the end effector-location/condition. For example, the trigger is only fully depressed when the 

end effector is fully fired. 

[0374] In still other embodiments, the various robotic systems and tools disclosed herein may 

employ many of the sensor/transponder arrangements disclosed above. Such sensor 

arrangements may include, but are not limited to, run motor sensors, reverse motor sensors, stop 

motor sensors, end-of-stroke sensors, beginning-of-stroke sensors, cartridge lockout sensors, 

sensor transponders, etc. The sensors may be employed in connection with any of the surgical 

tools disclosed herein that are adapted for use with a robotic system. The sensors may be 

configured to communicate with the robotic system controller. In other embodiments, 

components of the shaft/end effector may serve as antennas to communicate between the sensors 

and the robotic controller. In still other embodiments, the various remote programming device 

arrangements described above may also be employed with the robotic controller. 

[0375] The devices disclosed herein can be designed to be disposed of after a single use, or 

they can be designed to be used multiple times. In either case, however, the device can be 

reconditioned for reuse after at least one use. Reconditioning can include any combination of the 

steps of disassembly of the device, followed by cleaning or replacement of particular pieces, and 

subsequent reassembly. In particular, the device can be disassembled, and any number of the 
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particular pieces or parts of the device can be selectively replaced or removed in any 

combination. Upon cleaning and/or replacement of particular parts, the device can be 

reassembled for subsequent use either at a reconditioning facility, or by a surgical team 

immediately prior to a surgical procedure. Those skilled in the art will appreciate that 

reconditioning of a device can utilize a variety of techniques for disassembly, 

cleaning/replacement, and reassembly. Use of such techniques, and the resulting reconditioned 

device, are all within the scope of the present application. 

[0376] Although the present invention has been described herein in connection with certain 

disclosed embodiments, many modifications and variations to those embodiments may be 

implemented. For example, different types of end effectors may be employed. Also, where 

materials are disclosed for certain components, other materials may be used. The foregoing 

description and following claims are intended to cover all such modification and variations. 

[0377] Any patent, publication, or other disclosure material, in whole or in part, that is said to 

be incorporated by reference herein is incorporated herein only to the extent that the incorporated 

materials does not conflict with existing definitions, statements, or other disclosure material set 

forth in this disclosure. As such, and to the extent necessary, the disclosure as explicitly set forth 

herein supersedes any conflicting material incorporated herein by reference. Any material, or 

portion thereof, that is said to be incorporated by reference herein, but which conflicts with 

existing definitions, statements, or other disclosure material set forth herein will only be 

incorporated to the extent that no conflict arises between that incorporated material and the 

existing disclosure material. 
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What is claimed is: 

1. A surgical tool for use with a robotic system that has a tool drive assembly that is 

operatively coupled to a control unit of the robotic system that is operable by inputs from an 

operator and is configured to provide at least one rotary output motion to at least one rotatable 

body portion supported on the tool drive assembly, said surgical tool comprising: 

a surgical end effector comprising at least one component portion that is selectively 

movable between first and second positions relative to at least one other component portion 

thereof in response to control motions applied to said selectively movable component portion; 

an elongated shaft assembly operably coupled to said surgical end effector, said 

elongated shaft assembly comprising at least one gear-driven portion that is in operable 

communication with said at least one selectively movable component portion of said surgical end 

effector; 

a tool mounting portion operably coupled to said elongated shaft assembly, said tool 

mounting portion being configured to operably interface with the tool drive assembly when 

coupled thereto, said tool mounting portion comprising: 

a driven element rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding one of the at least one rotatable 

body portions of the tool drive assembly to receive corresponding rotary output motions 

therefrom; and 

a transmission assembly in operable engagement with said driven element and in 

meshing engagement with a corresponding one of said at least one gear-driven portions to 

apply actuation motions thereto to cause said corresponding one of said at least one gear 

driven portions to apply at least one control motion to said selectively movable 

component. 

2. The surgical tool of claim 1 wherein said another component portion of said end 

effector comprises a surgical staple cartridge and wherein one of said at least one component 

portion that is selectively movable comprises an anvil that is selectively movable between a first 

open position and a second closed position relative to said surgical staple cartridge. 
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3. The surgical tool of claim 2 wherein surgical staple cartridge is supported in an 

elongated channel and wherein said elongated shaft assembly comprises: 

a spine assembly comprising a proximal end portion supported on said tool mounting 

portion and a distal end portion that is coupled to said elongated channel; and 

a closure tube assembly movably supported on said spine assembly, said closure tube 

assembly comprising a distal end configured for operable interaction with said anvil and a 

proximal end portion configured for operable interaction with said transmission assembly. 

4. The surgical tool of claim 3 wherein one of said at least one gear driven portions 

comprises a tube gear segment on said proximal end portion of said closure tube assembly that is 

in operable engagement with said transmission assembly. 

5. The surgical tool of claim 4 wherein said transmission assembly comprises a 

closure transmission assembly comprising a closure sled movably supported on said tool 

mounting portion and operably supporting said proximal end portion of said closure tube 

assembly thereon, said closure sled configured for meshing engagement with a closure gear 

assembly operably coupled to one of the at least one rotatable body portions supported on the 

tool drive assembly such that upon application of a rotary output motion in a first direction to 

said closure gear assembly by said at least one rotatable body portion, said closure tube assembly 

is driven distally on said spine assembly into closing engagement with said anvil to move said 

anvil from said first open position to said second closed position and upon application of said 

rotary output motion in a second direction to said closure gear assembly, said closure tube 

assembly is driven proximally on said spine assembly to enable said anvil to move to said open 

position. 

6. The surgical tool of claim 1 wherein said another component portion of said end 

effector comprises a surgical staple cartridge and wherein one of said at least one component 

portion that is selectively movable comprises a cutting instrument that is axially movable within 

said surgical staple cartridge between a starting position and an ending position. 
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7. The surgical tool of claim 6 wherein said at least one gear driven portion 

comprises a knife bar that is movably supported within said elongated shaft assembly for 

selective axial travel therein, said knife bar interfacing with said cutting instrument and said 

transmission assembly. 

8. The surgical tool of claim 7 wherein said knife bar has a knife gear rack formed 

on a proximal end thereof and wherein said transmission assembly comprises a knife 

transmission assembly comprising a knife gear assembly in meshing engagement with said knife 

gear rack, said knife gear assembly operably coupled to one of the at least one rotatable body 

portions supported on the tool drive assembly such that upon application of a rotary output 

motion in a first direction to said knife gear assembly by said at least one rotatable body portion, 

said knife bar drives said cutting instrument distally through said surgical staple cartridge and 

upon application of said rotary output motion in a second direction to said knife gear assembly, 

said knife bar moves said cutting instrument proximally through said surgical staple cartridge. 

9. The surgical tool of claim 6 wherein said surgical staple cartridge is supported in 

an elongated channel coupled to said elongated shaft assembly and wherein said cutting 

instrument comprises: 

a rotary end effector drive shaft operably supported within an elongated channel 

operably supporting said surgical staple cartridge therein; and 

a knife member having a tissue-cutting portion thereon threadedly received on said rotary 

end effector drive shaft such that rotation of said rotary end effector drive shaft in a first 

direction causes said knife member to move in a distal direction through said surgical staple 

cartridge and when said rotary end effector drive shaft is rotated in a second direction, said knife 

member moves in a proximal direction through said surgical staple cartridge. 

10. The surgical tool of claim 9 wherein one of said at least one of said gear driven 

portions comprises an elongated proximal drive shaft operably supported in said elongated shaft 

assembly and having a distal end in driving engagement with said rotary end effector drive shaft, 

and wherein said transmission assembly comprises a rotary drive transmission operably 

supported on said tool mounting portion and in driving engagement with a proximal end of said 
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proximal drive shaft and operably coupled to one of the at least one rotatable body portions 

supported on the tool drive assembly such that, upon application of a rotary output motion in one 

direction to said rotary drive transmission by said at least one rotatable body portion, said 

proximal drive shaft rotates said rotary end effector drive shaft in said first direction and upon 

application of said rotary output motion in a second direction to rotary drive transmission, said 

proximal drive shaft causes said rotary end effector drive shaft to rotate in said second direction. 

11. The surgical tool of claim 1 wherein said elongated shaft assembly comprises a 

distal end portion operably coupled to said surgical end effector and a proximal end rotatably 

supported on said tool mounting portion for selective rotational travel about a longitudinal tool 

axis. 

12. The surgical tool of claim 11 wherein said at least one gear-driven portion 

comprises a tube gear segment on said proximal end portion of said elongated shaft assembly 

and wherein said transmission assembly comprises a rotational transmission assembly 

comprising a rotational gear assembly operably coupled to one of the at least one rotatable body 

portions supported on the tool drive assembly such that upon application of a rotary output 

motion in a first direction to said rotational gear assembly by said at least one rotatable body 

portion, said rotational gear assembly rotates said elongated shaft assembly and said surgical end 

effector in a first rotary direction about said longitudinal tool axis and upon application of said 

rotary output motion in a second direction to said rotational gear assembly, said rotational gear 

assembly rotates said elongated shaft assembly and said surgical end effector about said 

longitudinal tool axis in a second rotary direction. 

13. The surgical tool of claim 1 wherein said elongated shaft assembly defines a 

longitudinal tool axis and further comprises an articulation joint therein that facilitates selective 

articulation of said surgical end effector about an articulation axis that is substantially transverse 

to said longitudinal tool axis. 

14. The surgical tool of claim 13 wherein said elongated shaft assembly comprises: 

a distal spine portion operably coupled to said end effector; and 
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a proximal spine portion pivotally coupled to said distal portion at said articulation joint 

and comprising a distal end portion operably supported on said tool mounting portion. 

15. The surgical tool of claim 14 wherein said at least one gear-driven portion 

comprises an articulation system interfacing with said distal spine portion and said transmission 

assembly. 

16. The surgical tool of claim 15 wherein said transmission assembly comprises an 

articulation transmission and wherein said articulation system comprises: 

a first articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a first lateral point that is laterally offset in a first lateral direction 

from said articulation axis, said first articulation bar having a proximal end that operably 

interfaces with said articulation transmission; and 

a second articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a second lateral point that is laterally offset in a second lateral 

direction from said articulation axis, said second articulation bar having a proximal end that 

operably interfaces with said articulation transmission. 

17. The surgical tool of claim 16 wherein said articulation transmission comprises: 

an articulation gear assembly operably coupled to one of the at least one rotatable body 

portions supported on the tool drive assembly; and 

an articulation nut in meshing engagement with said articulation gear assembly and 

rotatably supported on said proximal spine portion for rotary travel thereon in response to 

actuation motions from said articulation gear assembly and wherein said distal ends of said first 

and second articulation bars each operably interface with said articulation nut such that upon 

application of a first actuation motion to said articulation nut by said articulation gear assembly 

causes said first articulation bar to move axially in a first direction and said second articulation 

bar to move axially in a second direction that is opposite to said first direction and upon 

application of a second actuation motion to said articulation nut from said articulation gear 

assembly causes said first articulation bar to axially move in said second direction and said 

second articulation bar to axially move in said first direction. 
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18. The surgical tool of claim 17 wherein each said distal end of said first and second 

articulation bars have a guide rod protruding therefrom that is slidably received with 

corresponding helical slots in said articulation nut. 

19. A surgical tool for use with a robotic system that has a tool drive assembly that is 

operatively coupled to a controller of the robotic system that is operable by inputs from an 

operator and is configured to provide a plurality of rotary output motions to a plurality of 

corresponding rotatable body portions supported on the tool drive assembly, said surgical tool 

compnsmg: 

an end effector, comprising: 

an elongated channel; 

a surgical staple cartridge supported within said elongated channel; 

a cutting instrument axially movable within said surgical staple cartridge between 

a starting position and an ending position; and 

an anvil movably supported relative to said elongated channel and being 

selectively movable between an open position relative to said surgical staple cartridge 

and a closed position relative to said surgical staple cartridge and wherein said surgical 

tool further comprises: 

an elongated shaft assembly comprising: 

a spine assembly coupled to said elongated channel; 

a closure tube assembly movably supported on said spine assembly, said closure 

tube assembly having a distal end portion configured for operable interaction with said 

anvil and wherein said surgical tool further comprises: 

a tool mounting portion coupled to a distal end of said spine assembly and 

configured to operably interface with the tool drive assembly of the robotic system when coupled 

thereto, said tool mounting portion comprising: 

a first driven disc rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding first rotatable body portion of 

the drive assembly to receive corresponding first rotary output motions therefrom; 
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a closure gear assembly supported on said tool mounting portion and being 

operably coupled to the first driven disc for receiving said first rotary output motions 

therefrom; 

a closure sled operably supporting a proximal end of said closure tube assembly 

on said tool mounting portion and supported in meshing engagement with said closure 

gear assembly such that upon application of one said first rotary output motions in a first 

direction to said closure gear assembly, said closure tube assembly is driven distally on 

said spine assembly into closing engagement with said anvil to move said anvil from said 

first open position to said second closed position and upon application of another one of 

said first rotary output motions in a second direction to said closure gear assembly, said 

closure tube assembly is driven proximally on said spine assembly to enable said anvil to 

move to said open position; 

a second driven disc rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding second one of rotatable body 

portions of the drive assembly of the robotic system to receive corresponding second 

rotary output motions therefrom; 

a knife gear assembly supported on said tool mounting portion and being operably 

coupled to said second rotatable body portion for receiving said second rotary output 

motions therefrom; 

a knife bar having a distal end operably interfacing with said cutting instrument 

and having a proximal end portion in meshing engagement with said knife gear assembly 

such that upon application of the second rotary output motion in a first direction to said 

knife gear assembly by said second driven disc, said knife bar drives said cutting 

instrument distally through said staple cartridge and upon application of another one of 

said second rotary output motions in a second direction to said knife gear assembly, said 

knife bar moves said cutting instrument proximally through said surgical staple cartridge; 

a third driven disc rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding third rotatable body portion 

of the drive assembly of the robotic system to receive corresponding third rotary output 

motions therefrom; and 
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a rotational gear assembly operably supported on said tool mounting portion and 

in meshing engagement with a tube gear segment on a proximal end portion of the 

closure tube assembly and operably coupled to the third driven disc such that upon 

application of a third rotary output motion in a first direction to said rotational gear 

assembly by said third driven disc, said rotational gear assembly rotates said elongated 

shaft assembly and said surgical end effector in a first rotary direction about said 

longitudinal tool axis and upon application of said rotary output motion in a second 

direction to said rotational gear assembly, said rotational gear assembly rotates said 

elongated shaft assembly and said surgical end effector about said longitudinal tool axis 

in a second rotary direction. 

20. The surgical tool of claim 19 wherein said spine assembly comprises: 

a distal spine portion operably coupled to said elongated channel of said effector; and 

a proximal spine portion pivotally coupled to said distal spine portion and having a 

proximal end portion operably supported on said tool mounting portion and wherein said closure 

tube assembly comprises: 

a distal closure tube portion operably supported on said distal spine portion; and 

a proximal closure tube portion pivotally attached to said distal closure tube 

portion and wherein said surgical tool comprises: 

a first articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a first lateral point that is laterally offset in a first lateral direction 

from said articulation axis; 

a second articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a second lateral point that is laterally offset in a second lateral 

direction from said articulation axis; 

a fourth driven disc rotatably supported on said tool mounting portion and configured for 

driving engagement with a corresponding fourth one of the rotatable body portions of the drive 

assembly of the robotic system to receive corresponding fourth rotary output motions therefrom; 

an articulation gear assembly operably supported on said tool mounting portion and 

operably coupled to the fourth driven disc to receive said fourth rotary output motions therefrom; 

and 
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an articulation nut in meshing engagement with said articulation gear assembly and 

rotatably supported on said proximal spine portion for rotary travel thereon in response to said 

fourth rotary output motions from said articulation gear assembly and wherein said distal ends of 

said first and second articulation bars each operably interface with said articulation nut such that 

an application of a fourth rotary output motion to said articulation nut by said articulation gear 

assembly causes said first articulation bar to move axially in a first direction and said second 

articulation bar to move axially in a second direction that is opposite to said first direction and 

upon application of another fourth rotary output motion to said articulation nut from said 

articulation gear assembly causes said first articulation bar to axially move in said second 

direction and said second articulation bar to axially move in said first direction. 
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ABSTRACT OF THE DISCLOSURE 

A surgical instrument for use with a robotic system that has a control unit and a shaft portion that 

includes an electrically conductive elongated member that is attached to a portion of the robotic 

system. The elongated member is configured to transmit control motions from the robotic 

system to an end effector. 
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license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The 
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under 
37 CFR 5.13 or 5.14. 

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless 
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This 
license is not retroactive. 

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter 
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national 
security or the export of technical data. Licensees should apprise themselves of current regulations especially with 
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of 
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and 
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of 
Treasury (31 CFR Parts 500+) and the Department of Energy. 

NOT GRANTED 

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING 
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12, 
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed 
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35 
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b). 

Select USA 

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location 
for business investment, innovation and commercialization of new technologies. The USA offers tremendous 
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation 

works to encourage, facilitate, and accelerate business investment. To learn more about why the USA is the best 
country in the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov. 
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Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

END5924USCNT2/ 
13/369,609 

92223 

02/09/2012 Frederick E. Shelton IV 060339CON2 
CONFIRMATION NO. 9149 

FORMALITIES LETTER 
K&L Gates LLP 
210 SIXTH AVENUE 
PITTSBURGH, PA 15222-2613 

111111111111111111111111]~!l]!~l!~l!~HHHI ~] 11111111111111111111111 

Date Mailed: 03/05/2012 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied 
by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is missing. 
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above 
Application Number and Filing Date, is required. 
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63 
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest, 
is required. 

The applicant needs to satisfy supplemental fees problems indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• A surcharge (for late submission of filing fee, search fee, examination fee or oath or declaration) as set forth in 
37 CFR 1.16(f) of $130 for a non-small entity, must be submitted. 

SUMMARY OF FEES DUE: 

Total fee(s) required within TWO MONTHS from the date of this Notice is $130 for a non-small entity 
• $130 Surcharge. 
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Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/hnguyen/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/369,609 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

BASIC FEE N/A N/A N/A N/A 380 
(37 CFR 1.16(a), (b), or (c)) 

SEARCH FEE N/A N/A N/A N/A 620 
(37 CFR 1.16(k), (i), or (m)) 

EXAMINATION FEE N/A N/A N/A N/A 250 
(37 CFR 1.16(0), (p), or (q)) 

TOTAL CLAIMS 20 
(37 CFR 1.16(i)) 

minus 20= OR X 60 = 0.00 

INDEPENDENT CLAIMS 2 minus 3 = X 250 = 0.00 
(37 CFR 1.16(h)) 

If the specification and drawings exceed 100 
APPLICATION SIZE sheets of paper, the application size fee due is 
FEE $31 O ($155 for small entity) for each additional 620 
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C. 

41 (a)(1 )(G) and 37 CFR 1.16(s). 

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00 

* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1870 

APPLICATION AS AMENDED - PART II 

OTHER THAN 
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

<( AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus 

.. = OR 
~ (37 CFR 1.16(i)) X = X = 

0 
Independent ... = z Minus 

X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

Ill AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
I- AMENDMENT PAID FOR z 
w Total Minus .. = X = OR 
~ (37 CFR 1.16(i)) 

X = 

0 Independent Minus ... = z X = OR X = w (37CFR 1.16(h)) 

~ Application Size Fee (37 CFR 1.16(s)) <( 

OR 
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) 

TOTAL OR TOTAL 
ADD'L FEE ADD'L FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". 

*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1. 
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Practitioner's Docket No. END5924USCNT2/060339CON2 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Frederick E. Shelton, IV 

Application No.: 13/369,609 
Filed: February 9, 2012 

Group Art Unit: 3721 

For: DRIVE INTERFACE FOR OPERABL Y COUPLING A MANIPULATABLE 
SURGICAL TOOL TO A ROBOT 

VIA ELECTRONIC FILING 

Mail Stop: Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

I. 

COMPLETION OF FILING REQUIREMENTS 
--NONPROVISIONAL APPLICATION 

(check and complete this item, if applicable) 

This replies to the Notice to File Missing Parts of Application (PTO-1533) 
Mailed: March 5, 2012. 
A copy of the Notice to File Missing Parts of Application-Filing Date Granted 
(Form PTO-1533) is enclosed. 

DECLARATION OR OATH 

PATENT 

II. No declaration or oath was filed. Enclosed is the original declaration or oath for this application. 

OR 

D The declaration or oath that was filed was determined to be defective. A new original oath or 
declaration is attached. 

Attached is a 

III. 

(c) D Statement by a registered attorney that the application filed in the PTO is the application 
that the inventor executed by signing the declaration. 

(d) D Statement that the "attached" specification is a copy of the specification and any 
amendments thereto that were filed in the PTO to obtain the filing date. 

AMENDMENT CANCELING CLAIMS 

D Cancel claims inclusive. ------------------
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COMPLETION FEES 

IV. 

I. Filing fee 

D utility patent application $ 

D design application $ 

D plant application $ 

2. Fees for claims 

D each independent claim in excess of 3 $ 

D each claim in excess of 20 $ 

D multiple dependent claim(s) $ 

3. Search fee 

D Utility $ 

D Design $ 

D Plant $ 

4. Examination fee 

D Utility $ 

D Design $ 

D Plant $ 

5. Surcharge fees 

12] declaration or oath late payment of filing fee and/or 
late filing of original $130.00 

6. D Petition and fee for filing by other than all the 
inventors or a person not the inventor $ 

7. D Fee for processing an application filed with a 
specification in a non-English language $ 

8. D Fee for processing and retention of abandoned application $ 

9. D Assignment (See "ASSIGNMENT COVER SHEET".) 

Total completion fees $130.00 
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EXTENSION OF TIME 

v. 

The proceedings herein are a patent application, and the provisions of 37 C.F.R. § 1.36(a) apply. 

(a) D Applicant petitions for an extension of time, for the total number of months checked below: 

Extension Fee for other than Fee for 
(months) small entity small entity 

D One month $ 150.00 $ 75.00 
D Two months $ 560.00 $ 280.00 
D Three months $ 1,270.00 $ 635.00 
D Four months $ 1,980.00 $ 990.00 
D Five months $ 2,690.00 $ 1,345.00 

If an additional extension of time is required, please consider this a petition therefor. 

(check and complete the next item, if applicable) 

0 An extension for ____ months has already been secured, and the fee paid therefor of 
$ _____ is deducted from the total fee due for the total months of extension now 
requested. 

Extension fee due with this request$ 

or 

(b) 0 Applicant believes that no extension of term is required. However, this conditional petition is 
being made to provide for the possibility that applicant has inadvertently overlooked the need for a 
petition and fee for extension of time. 

VI. 

The total fee due is 

Completion fee(s) 

Extension fee (if any) 

TOTAL FEE DUE 

$ 130.00 

$"'-0 ____ _ 

Total Fee Due $130.00 
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PAYMENT OF FEES 

VII. 

D Attached is a D check D money order in the amount of~ 

[8J Authorization is hereby made to charge the amount of$130.00 

[8J to Deposit Account No. ~l~l-~1~1=10~-----

D to Credit card as shown on the attached credit card information authorization 
form PTO-2038. 

[8J Charge any additional fee required by this paper or credit any overpayment in the manner 
authorized above. 

AUTHORIZATION TO CHARGE ADDITIONAL FEES 

VIII. 

[8J The Office is hereby authorized to charge, in the manner shown above, the following additional fees 
that may be required by this paper and during the entire pendency of this application. 

May 3, 2012 
DATE 

Reg. No. 34,324 

[8J 37 C.F.R. § 1.16(a), (b), or (c)(basic fee). 

[8J 37 C.F.R. § 1.16(h), (i), and/or (j) (presentation of extra claims/multiple dependent claims). 

[8J 37 C.F.R. § l.16(k), (I), or (m) (search fee) 

[8J 37 C.F.R. § l.16(0), (p), or (q) (examination fee) 

[8J 37 C.F.R. § l.16(s) (fee for specification and drawings filed in paper over 100 sheets). 

[8J 37 C.F.R. § 1.16(f) (surcharge for filing the basic fee and/or declaration on a date later than 
the filing date of the application) 

[8J 37 C.F.R. § l.l 7(a)(l )-(5)( extension fees pursuant to § l.l 36(a)) 

[8J 37 C.F.R. § 1.17 (application processing fees) 

D 37 C.F.R. § 1.18 (issue fee at or before mailing ofNotice of Allowance, pursuant to 37 
C.F.R. § l.311(b)) 

Tel. No.: (412) 355-8303 

(type or print name of practitioner) 

K&L Gates LLP 

Customer No.: 92223 

K&L Gates Center 
210 Sixth A venue 
Pittsburgh, PA 15222-2613 

page 4 of4 

265



Please type a plus sign(+) Inside this box [iJ PTO/SB/01 (10-00) 
Approved for use through 10/31/2002. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
' fl I I d I b Under the Paperwork Reduction Act of 1995, no persons are reaulre to respond to a collect10n o nformatlon unless t conta ns a vall 0MB contro num er. 

DECLARATION Attorney Docket Number 
END5924USCNT2/060339CON2 

AND 
POWER OF A HORNEY First Named Inventor Frederick E. Shelton, IV 

FOR UTILITY OR DESIGN COMPLETE IF KNOWN 
PATENT APPLICATION 

(37 CFR 1.63) Aoolication Number 13/369,609 

D Declaration Submitted with ~ Declaration Submitted after 
Filing Date February 9, 2012 Initial Filing OR Initial Filing (Surcharge 

(37 CFR 1.16(e)) required) 
Group Art Unit 

Examiner Name 
As a below named inventor, I hereby declare that: 

My residence, mailing address, and citizenship are as stated below next to my name. 
I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled: 

DRIVE INTERFACE FOR OPERABLY COUPLING A MANIPULATABLE SURGICAL TOOL TO A 
ROBOT 

TITLE 

the specification of which 
D is attached hereto 

OR 

~ was filed on (MM/DD/YYYY) I 02/09/2012 ! as United States Application Number or PCT International Application 
Number 
! 13/369,609 ! and was amended on (MM/DD/YYYY) c:J 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the claims, as 
amended by any amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for 
continuation-in-part applications, material information which became available between the filing date of the prior application 
and the national or PCT international filing date of the continuation-in-part application. 

I hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or 365(b) of any foreign application(s) for patent or 
inventor's certificate, or 365(a) of any PCT international application which designated at least one country other than the 
United States of America, listed below and have also identified below, by checking the box, any foreign application for patent 
or inventor's certificate, or any PCT international application having a filing date before that of the application on which 
priority is claimed. 

Prior Foreign Foreign Filing Date Priority Certified Copy 
Application Country (MM/DD/YYYY) Not Claimed Attached? 
Number(s) YES NO 

D D D 
D D D 
D D D 

D Additional foreign aoolication numbers are listed on a suoolemental orioritv data sheet PTO/SB/028 attached hereto: 

PI-3320892 vl 0237980-00411 
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Attorney Docket No. END5924USCNT2/060339CON2 
Serial No. 13/369,609 

Page 2 of 3 

DECLARATION - Utility or Design Patent Application 

I hereby claim the benefit under 35 U.S.C. 119(e) of any United States provisional application(s) listed below. 
Aoolication Number(s) Filing Date (MM/DDNYYY) 

D Additional provisional application 
numbers are listed on a 
supplemental priority data sheet 
PTO/SB/028 attached hereto. 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed below and, insofar as 
the subject matter of each of the claims of this application is not disclosed in the prior United States application in the manner 
provided by the first paragraph of Title 35, United States Code, §112, I acknowledge the duty to disclose material information as 
defined in Title 37, Code of Federal Regulations, §1.56(a) which occurred between the filing date of the prior application and the 
national or PCT international filini:i date of this application: 

Application Serial No. Filing Date Status 

13/118,259 May 27, 2011 Pending 
11/651,807 January 10, 2007 Pending 

I hereby appoint: Place Customer 
D Practitioners at Customer Number 0 .... Number Bar Code 

Label Here 
1:8] Practitioner(s} named below: 

Name Registration Number 
Phil Johnson Reg. No. 27,200 
Verne E. Kreger, Jr. Reg. No. 35,231 
Dean L. Garner Reg. No. 35,877 
Victor C. Moreno Reg No. 40,732 
Joseph F: Shirtz Reg. No. 31,880 
of Johnson & Johnson Law Department, P.O. Box 1222, New Brunswick, NJ 08903 and 
Thomas J. Edgington, Reg. No. 34,324 
Roberto Capriotti, Reg. No. 46,599 
Brian T. Geisler Reg. No. 54,115 
Mark G. Knedeisen Reg. No. 42,747 
of K&L Gates LLP, K&L Gates Center, 210 Sixth Avenue, Pittsburgh, PA 15222-2613 

as my/our attorney(s} or agent(s) to prosecute the application identified above, and to transact all business in the United 
States Patent and Trademark Office connected therewith. 

Address all telephone calls to Thomas J. Edgington at telephone number (412) 355-8303 

Direct all correspondence to:IZJ Customer Number 92223 OR D Correspondence address below 

Name: 

Address: 

Address: 

City: State: ZIP 

Country Telephone: Fax: 
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Attorney Docket No. END5924USCNT2/060339CON2 
Serial No. 13/369,609 

Page 3 of3 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge 
that willful false statements and the like so made are punishable by fine or imprisonment, or both, under 18 
U.S.C. 1001 and that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. 
NAME OF SOLE OR FIRST INVENTOR: 

Given Name 
first and middle if an 

Inventor's 
Si nature 

Residence: Ci 

Mailin Address 

Ci Hillsboro 

245 East Main Street 

0 A etition has been filed for this unsi ned inventor 

Family Name 
or Surname Shelton, IV 

Date 

Count USA USA 

State OH ZIP 45133 Count USA 
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Ul\TfED STATES DEPA RTME'IT OF COMMERCE 
United States Patent and Trademark Office 
Adiliess. COMMISSIO'JER FOR PATENTS 

PO Box 1450 
Alexandria, Virgmia 22313-1450 
\VVi\V.USpto.gov 

APPLICATION NUMBER FILING OR 3 71 (C) DATE FIRST NAMED APPLICANT ATTY. DOCKET NO./TITLE 

END5924USCNT2/ 
13/369,609 

92223 

02/09/2012 Frederick E. Shelton IV 060339CON2 
CONFIRMATION NO. 9149 

FORMALITIES LETTER 
K&L Gates LLP 
210 SIXTH AVENUE 
PITTSBURGH, PA 15222-2613 

111111111111111111111111]~!l]!~l!~l!~HHHI ~] 11111111111111111111111 

Date Mailed: 03/05/2012 

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION 

FILED UNDER 37 CFR 1.53(b) 

Filing Date Granted 

Items Required To Avoid Abandonment: 

An application number and filing date have been accorded to this application. The item(s) indicated below, 
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all 
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied 
by the extension fee under the provisions of 37 CFR 1.136(a). 

• The oath or declaration is missing. 
A properly signed oath or declaration in compliance with 37 CFR 1.63, identifying the application by the above 
Application Number and Filing Date, is required. 
Note: If a petition under 37 CFR 1.47 is being filed, an oath or declaration in compliance with 37 CFR 1.63 
signed by all available joint inventors, or if no inventor is available by a party with sufficient proprietary interest, 
is required. 

The applicant needs to satisfy supplemental fees problems indicated below. 

The required item(s) identified below must be timely submitted to avoid abandonment: 

• A surcharge (for late submission of filing fee, search fee, examination fee or oath or declaration) as set forth in 
37 CFR 1.16(f) of $130 for a non-small entity, must be submitted. 

SUMMARY OF FEES DUE: 

Total fee(s) required within TWO MONTHS from the date of this Notice is $130 for a non-small entity 
• $130 Surcharge. 
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Replies should be mailed to: 

Mail Stop Missing Parts 
Commissioner for Patents 
P.O. Box 1450 
Alexandria VA 22313-1450 

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web. 
https ://sportal. uspto .gov/authenticate/ AuthenticateUserlocal EP F. htm I 

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or 
visit our website at http://www.uspto.gov/ebc. 

If you are not using EFS-Web to submit your reply, you must include a copy of this notice. 

/hnguyen/ 

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101 
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Electronic Patent Application Fee Transmittal 

Application Number: 13369609 

Filing Date: 09-Feb-2012 

Title of Invention: 
DRIVE INTERFACE FOR OPERABLY COUPLING A MANIPULATABLE SURGICAL 
TOOL TO A ROBOT 

First Named Inventor/Applicant Name: Frederick E. Shelton 

Filer: Thomas J. Edgington/Mona Cornelia 

Attorney Docket Number: END5924USCNT2/060339CON2 

Filed as Large Entity 

Utility under 35 USC 111 (a) Filing Fees 

Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Basic Filing: 

Pages: 

Claims: 

Miscellaneous-Filing: 

Late filing fee for oath or declaration 1051 1 130 130 

Petition: 

Patent-Appeals-and-Interference: 

Post-Allowance-and-Post-Issuance: 

Extension-of-Time: 
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Description Fee Code Quantity Amount 
Sub-Total in 

USO($) 

Miscellaneous: 

Total in USD ($) 130 
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Electronic Acknowledgement Receipt 

EFSID: 12696345 

Application Number: 13369609 

International Application Number: 

Confirmation Number: 9149 

Title of Invention: 
DRIVE INTERFACE FOR OPERABLY COUPLING A MANIPULATABLE SURGICAL 
TOOL TO A ROBOT 

First Named Inventor/Applicant Name: Frederick E. Shelton 

Customer Number: 92223 

Filer: Thomas J. Edgington/Mona Cornelia 

Filer Authorized By: Thomas J. Edgington 

Attorney Docket Number: END5924USCNT2/060339CON2 

Receipt Date: 03-MAY-2012 

Filing Date: 09-FEB-2012 

Time Stamp: 16:24:33 

Application Type: Utility under 35 USC 111 (a) 

Payment information: 

Submitted with Payment yes 

Payment Type Deposit Account 

Payment was successfully received in RAM $130 

RAM confirmation Number 3254 

Deposit Account 111110 

Authorized User 

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows: 

Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees) 

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees) 
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File Listing: 

Document 
Document Description File Name 

File Size(Bytes)/ Multi Pages 
Number Message Digest Part /.zip (if appl.) 

478076 

1 
Applicant Response to Pre-Exam 

Response-to-Missing-Parts. pdf no 4 
Formalities Notice 

318aa694428144d469a308c5a34c1 df5b49 
5c8b9 

Warnings: 

Information: 

134296 

2 Oath or Declaration filed DecSigned.pdf no 3 
86d0eb365b9d3f6c699f13c1 054646d8f38C 

b78e 

Warnings: 

Information: 

60957 

3 Miscellaneous Incoming Letter Notice-to-Fi I e-M i ss in g-Pa rts. pd/ no 2 

0a4c8ce64faef441 af3e07db2a213f060214t' 
acO 

Warnings: 

Information: 

30230 

4 Fee Worksheet (5B06) fee-info.pdf no 2 

b861 afd641879a 1 ca6b08a 1 c6b949cadd4b 
aca96 

Warnings: 

Information: 

Total Files Size (in bytes) 703559 

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 
Post Card, as described in MPEP 503. 

New A~~lications Under 35 U.S.C. 111 
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 
Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International A~~lication under 35 U.S.C. 371 
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International A~~lication Filed with the USPTO as a Receiving Office 
If a new international application is being filed and the international application includes the necessary components for 
an international filing date (see PCT Article 11 and MPEP 181 O), a Notification of the International Application Number 
and of the International Filing Date (Form PCT/RO/1 OS) will be issued in due course, subject to prescriptions concerning 
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 
the application. 
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number 

Substitute for Form PTO-875 13/369,609 

APPLICATION AS FILED - PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY 
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Office Action Summary 

Application No. 

13/369,609 

Examiner 

BRIAN D. NASH 

Applicant(s) 

SHEL TON, FREDERICK E. 

Art Unit 

3721 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address -­
Period for Reply 

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE ;J. MONTH(S) OR THIRTY (30) DAYS, 
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION. 

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed 
after SIX (6) MONTHS from the mailing date of this communication. 
If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication. 
Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133). 
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any 
earned patent term adjustment. See 37 CFR 1.704(b). 

Status 

1 )IZI Responsive to communication(s) filed on 09 February 2012. 

2a)O This action is FINAL. 2b)IZI This action is non-final. 

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on 

__ ; the restriction requirement and election have been incorporated into this action. 

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is 

closed in accordance with the practice under Ex parte Quayle, 1935 G.D. 11, 453 O.G. 213. 

Disposition of Claims 

5)1Zl Claim(s) 1-20 is/are pending in the application. 

5a) Of the above claim(s) __ is/are withdrawn from consideration. 

6)1Zl Claim(s) 19 and 20 is/are allowed. 

7)1Zl Claim(s) 1.2.6. 11 and 13 is/are rejected. 

8)1Zl Claim(s) 3-5.7-10. 12 and 14-18 is/are objected to. 

9)0 Claim(s) __ are subject to restriction and/or election requirement. 

Application Papers 

10)0 The specification is objected to by the Examiner. 

11 )IZI The drawing(s) filed on 09 February 2012 is/are: a)IZI accepted or b)O objected to by the Examiner. 

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a). 

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121 (d). 

12)0 The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152. 

Priority under 35 U.S.C. § 119 

13)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a)O All b)O Some * c)O None of: 

1.0 Certified copies of the priority documents have been received. 

2.0 Certified copies of the priority documents have been received in Application No. __ . 

3.0 Copies of the certified copies of the priority documents have been received in this National Stage 

application from the International Bureau (PCT Rule 17.2(a)). 

*Seethe attached detailed Office action for a list of the certified copies not received. 

Attachment{s) 

1) [8J Notice of References Cited (PTO-892) 

2) 0 Notice of Draftsperson's Patent Drawing Review (PTO-948) 

4) 0 Interview Summary (PTO-413) 
Paper No(s)/Mail Date. __ . 

5) 0 Notice of Informal Patent Application 3) 0 Information Disclosure Statement(s) (PTO/SB/08) 
Paper No(s)/Mail Date __ . 

U.S. Patent and Trademark Office 

PTOL-326 (Rev. 03-11) 

6) 0 Other: __ . 

Office Action Summary Part of Paper No./Mail Date 20120821 

281



Application/Control Number: 13/369,609 

Art Unit: 3721 

DETAILED ACTION 

Examiner's Comments 

Page 2 

1. The Examiner notes that the office action below may reference support found in the cited prior 

art by indicating element numbers, figures or by pointing out a specific paragraph (PAR) number in which 

support can be found. The PAR number referenced corresponds to paragraph number beginning in the 

"Detailed Description" of the disclosure unless otherwise noted. The pending claims are 1-20. 

Claim Rejections - 35 USC§ 102 

2. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the basis 

for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or 
in public use or on sale in this country, more than one year prior to the date of application for 
patent in the United States. 

3. Claims 1, 11 and 13 are rejected under 35 U.S.C. 102(b) as being anticipated by US 6,331,181 to 

Tierney et al. 

With respect to claims 1, 11, 13, a surgical tool for use with a robotic system that has a tool drive 

assembly that is operatively coupled to a control unit of the robotic system that is operable by inputs 

from an operator (abstract) and is configured to provide at least one rotary output motion (figs. 4-5, PAR 

15-19) to at least one rotatable body portion supported on the tool drive assembly, said surgical tool 

comprising: a surgical end effector comprising at least one component portion that is selectively movable 

between first and second positions relative to at least one other component portion thereof (PAR 19 

discloses a variety of surgical tools as well as "any other end effector which is useful in surgery", e.g. a 

stapler having an anvil and cartridge that are moveable with respect to each other); an elongated shaft 

(102,104,106; figs. 4-5) assembly operably coupled to said surgical end effector, said elongated shaft 

assembly comprising at least one gear-driven portion that is in operable communication with said at least 

one selectively movable component portion of said surgical end effector (PAR 18; a tool mounting portion 

operably coupled to said elongated shaft assembly (figs. 4-5), said tool mounting portion being 
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configured to operably interface with the tool drive assembly when coupled thereto, said tool mounting 

portion comprising: a driven element rotatably supported on said tool mounting portion (wrist joint 

disclosed in figs. 4-5 shows a tool rotatably mounted to a gear-driven shaft of the apparatus that is 

controlled by user inputs) and configured for driving engagement with a corresponding one of the at least 

one rotatable body portions of the tool drive assembly to receive corresponding rotary output motions 

therefrom; and a transmission assembly (PAR 48) in operable engagement with said driven element and 

in meshing engagement with a corresponding one of said at least one gear-driven portions to apply 

actuation motions thereto to cause said corresponding one of said at least one gear driven portions to 

apply at least one control motion to said selectively movable component. 

Claim Rejections - 35 USC§ 103 

4. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 

rejections set forth in this Office action: 

(a) A patent may not be obtained through the invention is not identically disclosed or described 
as set forth in section 102 of this title, if the differences between the subject matter sought to be 
patented and the prior art are such that the subject matter as a whole would have been obvious 
at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner in which the 
invention was made. 

5. Claims 2 and 6 are rejected under 35 U.S.C. 103(a) as being unpatentable over US 6,331,181 to 

Tierney et al. 

As discussed above, Tierney et al disclose the invention substantially as claimed. Not explicitly 

disclosed is the driven tool being a surgical stapler having an anvil and cartridge component. However, 

Tierney et al discloses (PAR 19) that a variety of surgical tools as well as "any other end effector which is 

useful in surgery" may be used. It would have been obvious to one having ordinary skill in the art at the 

time of the invention to recognize and use an end effector tool comprising a surgical stapler having an 

anvil and cartridge that are moveable with respect to each other and similarly a cutting element 

moveable therein for the purpose of cutting tissue after surgical staples are fastened since such tools are 

well known and common in the art of surgical procedures. 
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6. Claims 3-5, 7-10, 12 and 14-18 are objected to as being dependent upon a rejected base claim, 

but appear to be allowable if rewritten in independent form including all of the limitations of the base 

claim and any intervening claims. 

7. Claims 19-20 are allowed over the prior art of record. 

Conclusion 

8. The prior art made of record and not relied upon is considered pertinent to applicant's disclosure. 

Refer to attachment (PTO-892) for notice of references cited and recommended for consideration based 

on their disclosure of limitations of the claimed invention. 

9. Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to Brian Nash whose telephone number is 571-272-4465. The examiner can normally be 

reached on Monday - Friday from 8 a.m. to 4 p.m. 

10. If attempts to reach the examiner by telephone are unsuccessful, the examiner's supervisor, 

Rinaldi I. Rada can be reached at 571-272-4467. The official fax number for this Group is: 571-273-8300 

11. Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system; see www.uspto.gov. Should you have questions on access to the 

Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 

/Brian D. Nash/ 8/21/2012 
Primary Examiner, Art Unit 3721 
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Application Serial No. 13/369,609 
Response dated November 13, 2012 
Response to Official Action of August 30, 2012 

Please replace Paragraph [0001] with the following amended Paragraph 

[0001) The present application is a continuation patent application of and claims the benefit 

from U.S. Patent Application Serial No. 13/118,259, filed May 27, 2011, U.S. Patent Publication 

No. 2011/0295270, entitled "Surgical Instrument With Wireless Communication Between A 

Control Unit of a Robotic System and Remote Sensor", the entire disclosure of which is hereby 

incorporated by reference and which is a continuation-in-part patent application and claims the 

benefit from U.S. Patent Application Serial No. 11/651,807, entitled "Surgical Instrument With 

Wireless Communication Between Control Unit and Remote Sensor", filed January 10, 2007, 

U.S. Patent Publication No. US 2008/0167672 Al, the disclosure of which is hereby 

incorporated by reference in its entirety and which is related to the following U.S. patent 

applications, which are also incorporated herein by reference in their respective entireties: 

(1) U.S. Patent Application Serial No. 11/651,715, filed January 10, 2007, U.S. 

Patent Application Publication No. US-2008/0167522, entitled "SURGICAL INSTRUMENT 

WITH WIRELESS COMMUNICATION BETWEEN CONTROL UNIT AND SENSOR 

TRANSPONDERS," by J. Giordano et al.; 

(2) U.S. Patent Application Serial No. 11/651,806, filed January 10, 2007, Yc& 

Patent Application Publication No. US 2008/0167671, now U.S. Patent No. 7,954,682, entitled 

"SURGICAL INSTRUMENT WITH ELEMENTS TO COMMUNICATE BETWEEN 

CONTROL UNIT AND END EFFECTOR," by J. Giordano et al.; 

(3) U.S. Patent Application Serial No. 11/651,768, filed January 10, 2007, now U.S. 

Patent No. 7,721,931, entitled "PREVENTION OF CARTRIDGE REUSE IN A SURGICAL 

INSTRUMENT," by F. Shelton et al.; 

(4) U.S. Patent Application Serial No. 11/651,771, filed January 10, 2007, now U.S. 

Patent No. 7,738,971, entitled "POST-STERILIZATION PROGRAMMING OF SURGICAL 

INSTRUMENTS," by J. Swayze et al.; 
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(5) U.S. Patent Application Serial No. 11/651,788, filed January 10, 2007, now U.S. 

Patent No. 7,721,936, entitled "INTERLOCK AND SURGICAL INSTRUMENT INCLUDING 

SAME, by F. Shelton et al.; and 

(6) U.S. Patent Application Serial No. 11/651,785, filed January 10, 2007, Ye& 

Patent Application Publication No. US 2008/0167644, now U.S. Patent No. 7,900,805, entitled 

"SURGICAL INSTRUMENT WITH ENHANCED BATTERY PERFORMANCE," by F. 

Shelton et al. 

Please replace Paragraph [0144] with the following amended Paragraph 

[0144] Applicant of the present application also owns the following patent applications that 

were filed on May 27, 2011 and which are each herein incorporated by reference in their 

respective entireties: 

U.S. Patent Application Serial No. 13/118,210, U.S. Patent Application Publication No. 

2011/0290855, entitled "Robotically-Controlled Disposable Motor Driven Loading Unit"; 

U.S. Patent Application Serial No. 13/118,194, U.S. Patent Application Publication No. 

2011/0295242, entitled "Robotically-Controlled Endoscopic Accessory Channel"; 

U.S. Patent Application Serial No. 13/118,253, U.S. Patent Application Publication No. 

2011/0295269, entitled "Robotically-Controlled Motorized Surgical Instrument"; 

U.S. Patent Application Serial No. 13/118,278, U.S. Patent Application Publication No. 

2011/0290851, entitled "Robotically-Controlled Surgical Stapling Devices That Produce Formed 

Staples Having Different Lengths"; 

U.S. Patent Application Serial No. 13/118,190, U.S. Patent Application Publication No. 

2011/0288573, entitled "Robotically-Controlled Motorized Cutting and Fastening Instrument"; 

U.S. Patent Application Serial No. 13/118,223, U.S. Patent Application Publication No. 

2011/0290854, entitled "Robotically-Controlled Shaft Based Rotary Drive Systems For Surgical 

Instruments"; 
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U.S. Patent Application Serial No. 13/118,263, U.S. Patent Application Publication No. 

2011/0295295, entitled "Robotically-Controlled Surgical Instrument Having Recording 

Capabilities"; 

U.S. Patent Application Serial No. 13/118,272, U.S. Patent Application Publication No. 

2011/0290856, entitled "Robotically-Controlled Surgical Instrument With Force Feedback 

Capabilities"; 

U.S. Patent Application Serial No. 13/118,246, U.S. Patent Application Publication No. 

2011/0290853, entitled "Robotically-Driven Surgical Instrument With E-Beam Driver"; 

U.S. Patent Application Serial No. 13/118,241, entitled "Surgical Stapling Instruments 

With Rotatable Staple Deployment Arrangements". 

Please replace Paragraph [0154] with the following amended Paragraph 

(0154] It should be noted that although the embodiments of the instrument 10 described herein 

employ an end effector 12 that staples the severed tissue, in other embodiments different 

techniques for fastening or sealing the severed tissue may be used. For example, end effectors 

that use RF energy or adhesives to fasten the severed tissue may also be used. U.S. Patent No. 

5,709,680, entitled "Electrosurgical Hemostatic Device" to Yates et al., and U.S. Patent No. 

5,688,270, entitled "Electrosurgical Hemostatic Device With Recessed And/Or Offset 

Electrodes" to Yates et al., which are incorporated herein by reference, discloses cutting 

instruments that use RF energy to fasten the severed tissue. U.S. Patent Application Serial No. 

11/267,811, now U.S. Patent No. 7,673,783, to Morgan et al. and U.S. Patent Application Serial 

No. 11/267,363 11/267,383, now U.S. Patent No. 7,607,557, to Shelton et al., which are also 

incorporated herein by reference, disclose cutting instruments that use adhesives to fasten the 

severed tissue. Accordingly, although the description herein refers to 
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Please replace Paragraph [0222] with the following amended Paragraph 

[0222] It should be noted that although the embodiments of the surgical tool 2300 described 

herein employ a surgical end effector 2312 that staples the severed tissue, in other embodiments 

different techniques for fastening or sealing the severed tissue may be used. For example, end 

effectors that use RF energy or adhesives to fasten the severed tissue may also be used. U.S. 

Patent No. 5,709,680, entitled "Electrosurgical Hemostatic Device" to Yates et al., and U.S. 

Patent No. 5,688,270, entitled "Electrosurgical Hemostatic Device With Recessed And/Or Offset 

Electrodes" to Yates et al., which are incorporated herein by reference, discloses cutting 

instruments that use RF energy to fasten the severed tissue. U.S. Patent Application Serial No. 

11/267,811, now U.S. Patent No. 7,673,783, to Morgan et al. and U.S. Patent Application Serial 

No. 11/267,363 11/267,383, now U.S. Patent No. 7,607,557, to Shelton et al., which are also 

incorporated herein by reference, disclose cutting instruments that use adhesives to fasten the 

severed tissue. Accordingly, although the description herein refers to cutting/stapling operations 

and the like, it should be recognized that this is an exemplary embodiment and is not meant to be 

limiting. Other tissue-fastening techniques may also be used. 

Please replace Paragraph [0244] with the following amended Paragraph 

[0244] It should be noted that although the embodiments of the surgical tool 2500 described 

herein employ a surgical end effector 2712 that staples the severed tissue, in other embodiments 

different techniques for fastening or sealing the severed tissue may be used. For example, end 

effectors that use RF energy or adhesives to fasten the severed tissue may also be used. U.S. 

Patent No. 5,709,680, entitled "Electrosurgical Hemostatic Device" to Yates et al., and U.S. 

Patent No. 5,688,270, entitled "Electrosurgical Hemostatic Device With Recessed And/Or Offset 

Electrodes" to Yates et al., which are incorporated herein by reference, discloses cutting 

instruments that use RF energy to fasten the severed tissue. U.S. Patent Application Serial No. 

11/267,811, now U.S. Patent No. 7,673,783, to Morgan et al. and U.S. Patent Application Serial 

No. 11/267,363 11/267,383, now U.S. Patent No. 7,607,557, to Shelton et al., which are also 
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incorporated herein by reference, disclose cutting instruments that use adhesives to fasten the 

severed tissue. Accordingly, although the description herein refers to cutting/stapling operations 

and the like, it should be recognized that this is an exemplary embodiment and is not meant to be 

limiting. Other tissue-fastening techniques may also be used. 
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AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of claims in the 

application: 

Listing of Claims: 

1. (Currently amended) A surgical tool for use with a robotic system that has a tool 

drive assembly that is operatively coupled to a control unit of the robotic system that is operable 

by inputs from an operator and is configured to provide at least one rotary output motion to at 

least one rotatable body portion supported on the tool drive assembly, said surgical tool 

comprising: 

a surgical end effector comprising;_ 

an elongated channel configured to operably support a surgical staple cartridge 

therein; 

an anvil at least one component portion that is selectively movable between~ first 

open position and second closed positions relative to the elongated channel and wherein 

the surgical tool further comprises: at least one other component portion thereof in 

response to control motions applied to said selectively movable component portion; 

an elongated shaft assembly operably coupled to said surgical end effector, said 

elongated shaft assembly comprising;_ 

a spine assembly including a distal end portion that is coupled to said 

elongated channel; 

a closure tube assembly movably supported on said spine assembly, said 

closure tube assembly comprising a distal end configured for operable interaction 

with said anvil; and 

at least one gear-driven portion,. that-is wherein one said gear driven portion is in 

operable communication with said closure tube assembly and wherein said surgical tool 

further comprises: at least one selectively movable component portion of said surgical 
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end effector; 

a tool mounting portion operably coupled to said elongated shaft assembly, said 

tool mounting portion being configured to operably interface with the tool drive assembly when 

coupled thereto and operably supporting a proximal end of the spine assembly thereon, said tool 

mounting portion comprising: 

a driven element rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding one of the at least one rotatable 

body portions of the tool drive assembly to receive corresponding rotary output motions 

therefrom; and 

a transmission assembly in operable engagement with said driven element and in 

meshing engagement with a corresponding one of said at least one gear-driven portions to 

apply actuation motions thereto to cause said corresponding one of said at least one gear 

driven portions to apply at least one control motion to said closure tube assembly 

selectively movable component. 

Claims 2 and 3 (Canceled) 

4. (Currently amended) The surgical tool of claim 3- l wherein another one of said 

at least one gear driven portions comprises a tube gear segment on said proximal end portion of 

said closure tube assembly that is in operable engagement with said transmission assembly. 

5. (Currently amended) The surgical tool of claim 4 wherein said transmission 

assembly comprises a closure transmission assembly comprising a closure sled movably 

supported on said tool mounting portion and operably supporting said!! proximal end portion of 

said closure tube assembly thereon, said closure sled configured for meshing engagement with a 

closure gear assembly operably coupled to one of the at least one rotatable body portions 

supported on the tool drive assembly such that upon application of a rotary output motion in a 

first direction to said closure gear assembly by said at least one rotatable body portion, said 
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closure tube assembly is driven distally on said spine assembly into closing engagement with 

said anvil to move said anvil from said first open position to one of said second closed position 

positions and upon application of said rotary output motion in a second direction to said closure 

gear assembly, said closure tube assembly is driven proximally on said spine assembly to enable 

said anvil to move to said open position. 

6. (Currently amended) The surgical tool of claim 1 vmerein said another 

component portion of said end effector comprises a surgical staple cartridge and vmerein one of 

said at least one component portion that is selectiYely movable comprises further comprising a 

cutting instrument that is axially movable within said surgical staple cartridge between a starting 

position and an ending position. 

7. (Currently amended) The surgical tool of claim 6 wherein another one of said at 

least one gear driven portion comprises a knife bar that is movably supported within said 

elongated shaft assembly for selective axial travel therein, said knife bar interfacing with said 

cutting instrument and said transmission assembly. 

8. (Original) The surgical tool of claim 7 wherein said knife bar has a knife gear 

rack formed on a proximal end thereof and wherein said transmission assembly comprises a 

knife transmission assembly comprising a knife gear assembly in meshing engagement with said 

knife gear rack, said knife gear assembly operably coupled to one of the at least one rotatable 

body portions supported on the tool drive assembly such that upon application of a rotary output 

motion in a first direction to said knife gear assembly by said at least one rotatable body portion, 

said knife bar drives said cutting instrument distally through said surgical staple cartridge and 

upon application of said rotary output motion in a second direction to said knife gear assembly, 

said knife bar moves said cutting instrument proximally through said surgical staple cartridge. 

9. (Currently amended) The surgical tool of claim 6 wherein said surgical staple 
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cartridge is supported in an elongated channel coupled to said elongated shaft assembly and 

·.vherein said cutting instrument comprises: 

a rotary end effector drive shaft operably supported within an elongated the elongated 

channel operably supporting said surgical staple cartridge therein; and 

a knife member having a tissue-cutting portion thereon threadedly received on said rotary 

end effector drive shaft such that rotation of said rotary end effector drive shaft in a first 

direction causes said knife member to move in a distal direction through said surgical staple 

cartridge and when said rotary end effector drive shaft is rotated in a second direction, said knife 

member moves in a proximal direction through said surgical staple cartridge. 

10. (Original) The surgical tool of claim 9 wherein one of said at least one of said 

gear driven portions comprises an elongated proximal drive shaft operably supported in said 

elongated shaft assembly and having a distal end in driving engagement with said rotary end 

effector drive shaft, and wherein said transmission assembly comprises a rotary drive 

transmission operably supported on said tool mounting portion and in driving engagement with a 

proximal end of said proximal drive shaft and operably coupled to one of the at least one 

rotatable body portions supported on the tool drive assembly such that, upon application of a 

rotary output motion in one direction to said rotary drive transmission by said at least one 

rotatable body portion, said proximal drive shaft rotates said rotary end effector drive shaft in 

said first direction and upon application of said rotary output motion in a second direction to 

rotary drive transmission, said proximal drive shaft causes said rotary end effector drive shaft to 

rotate in said second direction. 

11. (Original) The surgical tool of claim 1 wherein said elongated shaft assembly 

comprises a distal end portion operably coupled to said surgical end effector and a proximal end 

rotatably supported on said tool mounting portion for selective rotational travel about a 

longitudinal tool axis. 
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12. (Original) The surgical tool of claim 11 wherein said at least one gear-driven 

portion comprises a tube gear segment on said proximal end portion of said elongated shaft 

assembly and wherein said transmission assembly comprises a rotational transmission assembly 

comprising a rotational gear assembly operably coupled to one of the at least one rotatable body 

portions supported on the tool drive assembly such that upon application of a rotary output 

motion in a first direction to said rotational gear assembly by said at least one rotatable body 

portion, said rotational gear assembly rotates said elongated shaft assembly and said surgical end 

effector in a first rotary direction about said longitudinal tool axis and upon application of said 

rotary output motion in a second direction to said rotational gear assembly, said rotational gear 

assembly rotates said elongated shaft assembly and said surgical end effector about said 

longitudinal tool axis in a second rotary direction. 

13. (Original) The surgical tool of claim 1 wherein said elongated shaft assembly 

defines a longitudinal tool axis and further comprises an articulation joint therein that facilitates 

selective articulation of said surgical end effector about an articulation axis that is substantially 

transverse to said longitudinal tool axis. 

14. (Original) The surgical tool of claim 13 wherein said elongated shaft 

assembly comprises: 

a distal spine portion operably coupled to said end effector; and 

a proximal spine portion pivotally coupled to said distal portion at said articulation joint 

and comprising a distal end portion operably supported on said tool mounting portion. 

15. (Original) The surgical tool of claim 14 wherein said at least one gear-driven 

portion comprises an articulation system interfacing with said distal spine portion and said 

transmission assembly. 

16. (Original) The surgical tool of claim 15 wherein said transmission assembly 

- 11 -

299



Application Serial No. 13/369,609 
Response dated November 13, 2012 
Response to Official Action of August 30, 2012 

comprises an articulation transmission and wherein said articulation system comprises: 

a first articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a first lateral point that is laterally offset in a first lateral direction 
/ 

from said articulation axis, said first articulation bar having a proximal end that operably 

interfaces with said articulation transmission; and 

a second articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a second lateral point that is laterally offset in a second lateral 

direction from said articulation axis, said second articulation bar having a proximal end that 

operably interfaces with said articulation transmission. 

17. (Original) The surgical tool of claim 16 wherein said articulation 

transmission comprises: 

an articulation gear assembly operably coupled to one of the at least one rotatable body 

portions supported on the tool drive assembly; and 

an articulation nut in meshing engagement with said articulation gear assembly and 

rotatably supported on said proximal spine portion for rotary travel thereon in response to 

actuation motions from said articulation gear assembly and wherein said distal ends of said first 

and second articulation bars each operably interface with said articulation nut such that upon 

application of a first actuation motion to said articulation nut by said articulation gear assembly 

causes said first articulation bar to move axially in a first direction and said second articulation 

bar to move axially in a second direction that is opposite to said first direction and upon 

application of a second actuation motion to said articulation nut from said articulation gear 

assembly causes said first articulation bar to axially move in said second direction and said 

second articulation bar to axially move in said first direction. 

18. (Original) The surgical tool of claim 17 wherein each said distal end of said 

first and second articulation bars have a guide rod protruding therefrom that is slidably received 

with corresponding helical slots in said articulation nut. 
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19. (Original) A surgical tool for use with a robotic system that has a tool drive 

assembly that is operatively coupled to a controller of the robotic system that is operable by 

inputs from an operator and is configured to provide a plurality of rotary output motions to a 

plurality of corresponding rotatable body portions supported on the tool drive assembly, said 

surgical tool comprising: 

an end effector, comprising: 

an elongated channel; 

a surgical staple cartridge supported within said elongated channel; 

a cutting instrument axially movable within said surgical staple cartridge between 

a starting position and an ending position; and 

an anvil movably supported relative to said elongated channel and being 

selectively movable between an open position relative to said surgical staple cartridge 

and a closed position relative to said surgical staple cartridge and wherein said surgical 

tool further comprises: 

an elongated shaft assembly comprising: 

a spine assembly coupled to said elongated channel; 

a closure tube assembly movably supported on said spine assembly, said closure 

tube assembly having a distal end portion configured for operable interaction with said 

anvil and wherein said surgical tool further comprises: 

a tool mounting portion coupled to a distal end of said spine assembly and 

configured to operably interface with the tool drive assembly of the robotic system when coupled 

thereto, said tool mounting portion comprising: 

a first driven disc rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding first rotatable body portion of 

the drive assembly to receive corresponding first rotary output motions therefrom; 

a closure gear assembly supported on said tool mounting portion and being 

operably coupled to the first driven disc for receiving said first rotary output motions 
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therefrom; 

a closure sled operably supporting a proximal end of said closure tube assembly 

on said tool mounting portion and supported in meshing engagement with said closure 

gear assembly such that upon application of one said first rotary output motions in a first 

direction to said closure gear assembly, said closure tube assembly is driven distally on 

said spine assembly into closing engagement with said anvil to move said anvil from said 

first open position to said second closed position and upon application of another one of 

said first rotary output motions in a second direction to said closure gear assembly, said 

closure tube assembly is driven proximally on said spine assembly to enable said anvil to 

move to said open position; 

a second driven disc rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding second one of rotatable body 

portions of the drive assembly of the robotic system to receive corresponding second 

rotary output motions therefrom; 

a knife gear assembly supported on said tool mounting portion and being operably 

coupled to said second rotatable body portion for receiving said second rotary output 

motions therefrom; 

a knife bar having a distal end operably interfacing with said cutting instrument 

and having a proximal end portion in meshing engagement with said knife gear assembly 

such that upon application of the second rotary output motion in a first direction to said 

knife gear assembly by said second driven disc, said knife bar drives said cutting 

instrument distally through said staple cartridge and upon application of another one of 

said second rotary output motions in a second direction to said knife gear assembly, said 

knife bar moves said cutting instrument proximally through said surgical staple cartridge; 

a third driven disc rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding third rotatable body portion 

of the drive assembly of the robotic system to receive corresponding third rotary output 

motions therefrom; and 
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a rotational gear assembly operably supported on said tool mounting portion and 

in meshing engagement with a tube gear segment on a proximal end portion of the 

closure tube assembly and operably coupled to the third driven disc such that upon 

application of a third rotary output motion in a first direction to said rotational gear 

assembly by said third driven disc, said rotational gear assembly rotates said elongated 

shaft assembly and said surgical end effector in a first rotary direction about said 

longitudinal tool axis and upon application of said rotary output motion in a second 

direction to said rotational gear assembly, said rotational gear assembly rotates said 

elongated shaft assembly and said surgical end effector about said longitudinal tool axis 

in a second rotary direction. 

20. (Original) The surgical tool of claim 19 wherein said spine assembly 

compnses: 

a distal spine portion operably coupled to said elongated channel of said effector; and 

a proximal spine portion pivotally coupled to said distal spine portion and having a 

proximal end portion operably supported on said tool mounting portion and wherein said closure 

tube assembly comprises: 

a distal closure tube portion operably supported on said distal spine portion; and 

a proximal closure tube portion pivotally attached to said distal closure tube 

portion and wherein said surgical tool comprises: 

a first articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a first lateral point that is laterally offset in a first lateral direction 

from said articulation axis; 

a second articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a second lateral point that is laterally offset in a second lateral 

direction from said articulation axis; 

a fourth driven disc rotatably supported on said tool mounting portion and configured for 

driving engagement with a corresponding fourth one of the rotatable body portions of the drive 
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assembly of the robotic system to receive corresponding fourth rotary output motions therefrom; 

an articulation gear assembly operably supported on said tool mounting portion and 

operably coupled to the fourth driven disc to receive said fourth rotary output motions therefrom; 

and 

an articulation nut in meshing engagement with said articulation gear assembly and 

rotatably supported on said proximal spine portion for rotary travel thereon in response to said 

fourth rotary output motions from said articulation gear assembly and wherein said distal ends of 

said first and second articulation bars each operably interface with said articulation nut such that 

an application of a fourth rotary output motion to said articulation nut by said articulation gear 

assembly causes said first articulation bar to move axially in a first direction and said second 

articulation bar to move axially in a second direction that is opposite to said first direction and 

upon application of another fourth rotary output motion to said articulation nut from said 

articulation gear assembly causes said first articulation bar to axially move in said second 

direction and said second articulation bar to axially move in said first direction. 

21. (New) A surgical tool for use with a robotic system that has a tool drive assembly 

that is operatively coupled to a control unit of the robotic system that is operable by inputs from 

an operator and is configured to provide at least one rotary output motion to at least one rotatable 

body portion supported on the tool drive assembly, said surgical tool comprising: 

a surgical end effector comprising: 

a surgical staple cartridge; and 

a cutting instrument that is axially movable within said surgical staple cartridge 

between a starting position and an ending position in response to control motions applied 

thereto and wherein said surgical tool further comprises: 

an elongated shaft assembly operably coupled to said surgical end effector, said 

elongated shaft assembly comprising at least one gear-driven portion comprising a knife bar that 

is movably supported within said elongated shaft assembly for selective axial travel therein, said 

knife bar interfacing with said cutting instrument; 
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a tool mounting portion operably coupled to said elongated shaft assembly, said tool 

mounting portion being configured to operably interface with the tool drive assembly when 

coupled thereto, said tool mounting portion comprising: 

a driven element rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding one of the at least one rotatable 

body portions of the tool drive assembly to receive corresponding rotary output motions 

therefrom; and 

a transmission assembly in operable engagement with said driven element and in 

meshing engagement with the knife bar to apply actuation motions thereto to cause said 

knife bar to apply at least one control motion thereto. 

22. (New) The surgical tool of claim 21 wherein said knife bar has a knife gear rack 

formed on a proximal end thereof and wherein said transmission assembly comprises a knife 

transmission assembly comprising a knife gear assembly in meshing engagement with said knife 

gear rack, said knife gear assembly operably coupled to one of the at least one rotatable body 

portions supported on the tool drive assembly such that upon application of a rotary output 

motion in a first direction to said knife gear assembly by said at least one rotatable body portion, 

said knife bar drives said cutting instrument distally through said surgical staple cartridge and 

upon application of said rotary output motion in a second direction to said knife gear assembly, 

said knife bar moves said cutting instrument proximally through said surgical staple cartridge. 

23. (New) A surgical tool for use with a robotic system that has a tool drive assembly 

that is operatively coupled to a control unit of the robotic system that is operable by inputs from 

an operator and is configured to provide at least one rotary output motion to at least one rotatable 

body portion supported on the tool drive assembly, said surgical tool comprising: 

a surgical end effector comprising: 

an elongated channel configured to support a surgical staple cartridge therein; 

a rotary end effector drive shaft operably supported within an elongated channel; 
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a knife member having a tissue-cutting portion thereon threadedly received on 

said rotary end effector drive shaft such that rotation of said rotary end effector drive 

shaft in a first direction causes said knife member to move in a distal direction through 

said surgical staple cartridge and when said rotary end effector drive shaft is rotated in a 

second direction, said knife member moves in a proximal direction through said surgical 

staple cartridge and wherein said surgical tool further comprises: 

an elongated shaft assembly operably coupled to said elongated channel, said elongated 

shaft assembly comprising at least one gear-driven portion that is in operable communication 

with said rotary end effector drive shaft; 

a tool mounting portion operably coupled to said elongated shaft assembly, said tool 

mounting portion being configured to operably interface with the tool drive assembly when 

coupled thereto, said tool mounting portion comprising: 

a driven element rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding one of the at least one rotatable 

body portions of the tool drive assembly to receive corresponding rotary output motions 

therefrom; and 

a transmission assembly in operable engagement with said driven element and in 

meshing engagement with a corresponding one of said at least one gear-driven portions to 

apply actuation motions thereto to cause said corresponding one of said at least one gear 

driven portions to apply at least one control motion to said rotary end effector drive shaft. 

24. (New) The surgical tool of claim 23 wherein one of said at least one of said gear 

driven portions comprises an elongated proximal drive shaft operably supported in said 

elongated shaft assembly and having a distal end in driving engagement with said rotary end 

effector drive shaft, and wherein said transmission assembly comprises a rotary drive 

transmission operably supported on said tool mounting portion and in driving engagement with a 

proximal end of said proximal drive shaft and operably coupled to one of the at least one 

rotatable body portions supported on the tool drive assembly such that, upon application of a 
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rotary output motion in one direction to said rotary drive transmission by said at least one 

rotatable body portion, said proximal drive shaft rotates said rotary end effector drive shaft in 

said first direction and upon application of said rotary output motion in a second direction to 

rotary drive transmission, said proximal drive shaft causes said rotary end effector drive shaft to 

rotate in said second direction. 

25. (New) A surgical tool for use with a robotic system that has a tool drive assembly 

that is operatively coupled to a control unit of the robotic system that is operable by inputs from 

an operator and is configured to provide at least one rotary output motion to at least one rotatable 

body portion supported on the tool drive assembly, said surgical tool comprising: 

a surgical end effector comprising at least one component portion that is selectively 

movable between first and second positions relative to at least one other component portion 

thereof in response to control motions applied to said selectively movable component portion; 

an elongated shaft assembly including a distal end operably coupled to said surgical end 

effector and defining a longitudinal tool axis, said elongated shaft assembly including a tube gear 

segment on a proximal end thereof; and 

a tool mounting portion operably coupled to said elongated shaft assembly, said tool 

mounting portion being configured to operably interface with the tool drive assembly when 

coupled thereto, said tool mounting portion comprising a rotational transmission assembly 

comprising a rotational gear assembly in meshing engagement with the tube gear segment and 

operably coupled to one of the at least one rotatable body portions supported on the tool drive 

assembly such that upon application of a rotary output motion in a first direction to said 

rotational gear assembly by said at least one rotatable body portion, said rotational gear assembly 

rotates said elongated shaft and said surgical end effector in a first rotary direction about said 

longitudinal tool axis and upon application of said rotary output motion in a second direction to 

said rotational gear assembly, said rotational gear assembly rotates said elongated shaft assembly 

and said surgical end effector about said longitudinal tool axis in a second rotary direction 

relative to the tool mounting portion. 

- 19 -

307



Application Serial No. 13/369,609 
Response dated November 13, 2012 
Response to Official Action o_f August 30, 2012 

26. (New) A surgical tool for use with a robotic system that has a tool drive assembly 

that is operatively coupled to a control unit of the robotic system that is operable by inputs from 

an operator and is configured to provide at least one rotary output motion to at least one rotatable 

body portion supported on the tool drive assembly, said surgical tool comprising: 

a surgical end effector comprising at least one component portion that is selectively 

movable between first and second positions relative to at least one other component portion 

thereof in response to control motions applied to said selectively movable component portion; 

an elongated shaft assembly defining a longitudinal tool axis and comprising: 

a distal spine portion operably coupled to said end effector; and 

a proximal spine portion pivotally coupled to said distal spine portion at an 

articulation joint to facilitate articulation of said surgical end effector about an 

articulation axis that is substantially transverse to said longitudinal tool axis; and 

at least one gear-driven portion that is in operable communication with said at 

least one selectively movable component portion of said surgical end effector and 

wherein said surgical tool further comprises: 

a tool mounting portion operably coupled to a distal end of said proximal spine 

portion, said tool mounting portion being configured to operably interface with the tool drive 

assembly when coupled thereto, said tool mounting portion comprising: 

a driven element rotatably supported on said tool mounting portion and 

configured for driving engagement with a corresponding one of the at least one rotatable 

body portions of the tool drive assembly to receive corresponding rotary output motions 

therefrom; and 

a transmission assembly in operable engagement with said driven element and in 

meshing engagement with a corresponding one of said at least one gear-driven portions to 

apply actuation motions thereto to cause said corresponding one of said at least one gear 

driven portions to apply at least one control motion to said selectively movable 

component. 
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27. (New) The surgical tool of claim 26 wherein said at least one gear-driven portion 

comprises an articulation system interfacing with said distal spine portion and said transmission 

assembly. 

28. (New) The surgical tool of claim 27 wherein said transmission assembly 

comprises an articulation transmission and wherein said articulation system comprises: 

a first articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a first lateral point that is laterally offset in a first lateral direction 

from said articulation axis, said first articulation bar having a proximal end that operably 

interfaces with said articulation transmission; and 

a second articulation bar having a distal end coupled to said proximal portion of said 

elongated shaft assembly at a second lateral point that is laterally offset in a second lateral 

direction from said articulation axis, said second articulation bar having a proximal end that 

operably interfaces with said articulation transmission. 

29. (New) The surgical tool of claim 28 wherein said articulation transmission 

comprises: 

an articulation gear assembly operably coupled to one of the at least one rotatable body 

portions supported on the tool drive assembly; and 

an articulation nut in meshing engagement with said articulation gear assembly and 

rotatably supported on said proximal spine portion for rotary travel thereon in response to 

actuation motions from said articulation gear assembly and wherein said distal ends of said first 

and second articulation bars each operably interface with said articulation nut such that upon 

application of a first actuation motion to said articulation nut by said articulation gear assembly 

causes said first articulation bar to move axially in a first direction and said second articulation 

bar to move axially in a second direction that is opposite to said first direction and upon 

application of a second actuation motion to said articulation nut from said articulation gear 
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assembly causes said first articulation bar to axially move in said second direction and said 

second articulation bar to axially move in said first direction. 

30. (New) The surgical tool of claim 29 wherein each said distal end of said first and 

second articulation bars have a guide rod protruding therefrom that is slidably received with 

corresponding helical slots in said articulation nut. 
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REMARKS 

Applicant wishes to express appreciation to Examiner Nash for determining that the 

subject application contains patentable subject matter. 

Claims 1-20 are pending in the subject application; Claims 19 and 20 are allowed. 

Claims 3-5, 7-10, 12 and 14-18 are objected to, but would be allowable ifrewritten in 

independent form to include the recitations of the base claim and any intervening claims. Claims 

1, 2, 6, 11 and 13 stand rejected. 

In an effort to gain an early allowance and without admitting to any statements made in 

the Official Action and expressly reserving the right to address any of such assertions in the 

future, Applicant has amended Claim 1 to include the recitations of Claim 3 and intervening 

Claim 2. Original Claims 2 and 3 have been canceled without disclaimer or prejudice. 

Accordingly, Claim 1 and Claims 4-18, which depend either directly or indirectly from Claim 1, 

are also in condition for allowance. 

New independent Claim 21 corresponds to original Claim 7. 

New independent Claim 23 correspondsto original Claim 9. 

New independent Claim 25 corresponds to original Claim 12. 

New independent Claim 26 corresponds to original Claim 14. 

Applicant is the owner of the applications identified below. Applicant has set forth the 

status of these applications as presently understood by Applicant. Applicant presumes that the 

Examiner can obtain copies of the USPTO file histories and related documents for the identified 

applications. Should the Examiner be unable to obtain such documents, please contact 

Applicant's undersigned Attorney and copies of any necessary documents will be immediately 

provided. 

(1) U.S. Patent Application Serial No. 13/118,259, entitled "Surgical Instrument With 

Wireless Communication Between a Control Unit of a Robotic System and Remote Sensor", 

Status: Applicant has not yet received an Action on the merits; 

- 23 -

311



Application Serial No. 13/369,609 
Response dated November 13, 2012 
Response to Official Action of August 30, 2012 

(2) U.S. Patent Application Serial No. 11/651,807, entitled "Surgical Instrument With 

Wireless Communication Between Control Unit and Remote Sensor", Status: A Notice of 

Allowance was mailed on October 24, 2012; 

(3) U.S. Patent Application Serial No. 11/651,715, entitled "Surgical Instrument With 

Wireless Communication Between Control Unit and Sensor Transponders", Status: A Non­

Final Office Action was mailed on April 17, 2012. A Response was filed on July 17, 2012; 

(4) U.S. Patent Application Serial No. 11/651,806, entitled "Surgical Instrument With 

Elements To Communicate Between Control Unit and End Effector", Status: now U.S. Patent 

No. 7,954,682; 

(5) U.S. Patent Application Serial No. 11/651,768, entitled "Prevention of Cartridge 

Reuse In a Surgical Instrument", Status: now U.S. Patent No. 7,721,931; 

(6) U.S. Patent Application Serial No. 11/651,771, entitled "Post-Sterilization 

Programming of Surgical Instruments", Status: now U.S. Patent No. 7,738,971; 

(7) U.S. Patent Application Serial No. 11/651,788, entitled "Interlock and Surgical 

Instrument Including Same", Status: now U.S. Patent No. 7,721,936; 

(8) U.S. Patent Application Serial No. 11/651,785, entitled "Surgical Instrument With 

Enhanced Battery Performance", Status: now U.S. Patent No. 7,900,805; 

(9) U.S. Patent Application Serial No. 13/118,210, entitled "Robotically-Controlled 

Disposable Motor Driven Loading Unit", Status: Applicant has not yet received an Action on 

the merits; 

(10) U.S. Patent Application Serial No. 13/118,194, entitled "Robotically-Controlled 

Endoscopic Accessory Channel", Status: A Non-Final Office Action was mailed on 

September 5, 2012. Applicant has not yet responded to that Action; 

(11) U.S. Patent Application Serial No. 13/118,253, entitled "Robotically-Controlled 

Motorized Surgical Instrument", Status: A Non-Final Office Action was mailed on 

September 26, 2012. Applicant has not yet responded to that Action; 
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(12) U.S. Patent Application Serial No. 13/118,278, entitled "Robotically-Controlled 

Surgical Stapling Devices That Produce Formed Staples Having Different Lengths", Status: 

Applicant has not yet received an Action on the merits; 

(13) U.S. Patent Application Serial No. 13/118,190, entitled "Robotically-Controlled 

Motorized Surgical Cutting and Fastening Instrument", Status: A Non-Final Office Action was 

mailed on August 21, 2012. Applicant has not yet responded to that Action; 

(14) U.S. Patent Application Serial No. 13/118,223, entitled "Robotically-Controlled 

Shaft Based Rotary Drive Systems For Surgical Instruments", Status: Applicant has not yet 

received an Action on the merits; 

(15) U.S. Patent Application Serial No. 13/118,263, entitled "Robotically-Controlled 

Surgical Instrument Having Recording Capabilities", Status: Applicant has not yet received an 

Action on the merits; 

(16) U.S. Patent Application Serial No. 13/118,272, entitled "Robotically-Controlled 

Surgical Instrument With Force Feedback Capabilities", Status: Applicant has not yet received 

an Action on the merits; 

(17) U.S. Patent Application Serial No. 13/118,246, entitled "Robotically-Driven 

Surgical Instrument With E-Beam Driver", Status: Applicant has not yet received an Action on 

the merits; 

(18) U.S. Patent Application Serial No. 13/118,241, entitled "Surgical Stapling 

Instruments With Rotatable Staple Deployment Arrangements", Status: Applicant has not yet 

received an Action on the merits; 

(19) U.S. Patent Application Serial No. 13/026,493, entitled "Surgical Instrument With 

Wireless Communication Between Control Unit and Remote Sensor", Status: A Non-Final 

Office Action was mailed on July 25, 2012. A Response and Terminal Disclaimer were filed on 

October 25, 2012; 

(20) U.S. Patent Application Serial No. 13/037,498, entitled "Surgical Instrument With 

Wireless Communication Between Control Unit and Remote Sensor", Status: Abandoned; 
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(21) U.S. Patent Application Serial No. 13/361,346, entitled "Surgical Instrument With 

Wireless Communication Between Control Unit and Remote Sensor", Status: Applicant has not 

yet received an Action on the merits; 

(22) U.S. Patent Application Serial No. 12/793,595, entitled "Surgical Instrument With 

Wireless Communication Between Control Unit and Sensor Transponders", Status: A Non­

Final Office Action was mailed on April 9, 2012. A Response was filed on July 3, 2012; 

(23) U.S. Patent Application Serial No. 12/793,599, entitled "Interlock and Surgical 

Instrument Including Same", Status: Applicant has not yet received an Action on the merits; 

(24) U.S. Patent Application Serial No. 12/780,380, entitled "Post-Sterilization 

Programming of Surgical Instruments", Status: Abandoned; 

(25) U.S. Patent Application Serial No. 12/856,099, entitled "Disposable Motor­

Driven Loading Unit For Use With a Surgical Cutting and Stapling Apparatus", Status: now 

U.S. Patent No. 8,196,795; 

(26) U.S. Patent Application Serial No. 12/031,628, entitled "Disposable Motor­

Driven Loading Unit For Use With a Surgical Cutting and Stapling Apparatus", Status: now 

U.S. Patent No. 7,793,812; 

(27) U.S. Patent Application Serial No. 13/369,666, entitled "Robotically-Controlled 

Surgical End Effector System With Rotary Actuated Closure Systems", Status: Applicant has 

not yet received an Action on the merits; 

(28) U.S. Patent Application Serial No. 11/277,324, entitled "Articulating Endoscopic 

Accessory Channel", Status: A Non-Final Office Action was mailed on August 22, 2012. 

Applicant has not yet responded to that Action; 

(29) U.S. Patent Application Serial No. 13/369,594, entitled "Robotically-Controlled 

Surgical Instrument With Selectively Articulatable End Effector", Status: Applicant has not yet 

received an Action on the merits; 

(30) U.S. Patent Application Serial No. 12/235,972, entitled "Motorized Surgical 

Instrument", Status: A Final Office Action was mailed on September 6, 2011. A Response and 

Request for Continued Examination was filed on December 6, 2011; 
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(31) U.S. Patent Application Serial No. 13/369,588, entitled "Robotically-Controlled 

Motorized Surgical End Effector System With Rotary Actuated Closure Systems Having 

Variable Actuation Speeds", Status: A Restriction Requirement was mailed on July 24, 2012. 

A Response was filed on August 24, 2012; 

(32) U.S. Patent Application Serial No. 11/711,979, entitled "Surgical Stapling 

Devices That Produce Formed Staples Having Different Lengths", Status: A Notice of 

Allowance was mailed on July 23, 2012. The Issue Fee was paid on October 18, 2012; 

(33) U.S. Patent Application Serial No. 11/216,562, entitled "Staple Cartridges For 

Forming Staples Having Differing Formed Staple Heights", Status: now U.S. Patent No. 

7,669,746; 

(34) U.S. Patent Application Serial No. 13/369,629, entitled "Robotically-Controlled 

Cable-Based Surgical End Effectors", Status: A Non-Final Office Action was mailed on 

July 20, 2012. A Response was filed on October 17, 2012; 

(35) U.S. Patent Application Serial No. 12/031,567, entitled "Motorized Surgical 

Cutting and Fastening Instrument Having Handle Based Power Source", Status: A Final 

Rejection was mailed on November 16, 2011. An Amendment and a Request for Continued 

Examination was filed on February 16, 2012; 

(36) U.S. Patent Application Serial No. 13/369,584, entitled "Surgical Stapling 

Instruments With Cam-Driven Staple Deployment Arrangements", Status: A Notice of 

Allowance was mailed on August 20, 2012; 

(37) U.S. Patent Application Serial No. 13/020,053, entitled "Shaft Based Rotary 

Drive System For Surgical Instruments", Status: now U.S. Patent No. 8,196,796; 

(38) U.S. Patent Application Serial No. 11/810,015, entitled "Surgical Instrument 

Having a Multiple Rate Directional Switching Mechanism", Status: now U.S. Patent No. 

7,905,380; 

(39) U.S. Patent Application Serial No. 13/369,578, entitled "Shiftable Drive Interface 

For Robotically-Controlled Surgical Tool", Status: A Non-Final Office Action was mailed on 

June 8, 2012. A Response was filed on September 10, 2012; 
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(40) U.S. Patent Application Serial No. 12/949,099, entitled "Surgical Instrument 

Having Recording Capabilities", Status: now U.S. Patent No. 8,167,185; 

(41) U.S. Patent Application Serial No. 11/343,803, entitled "Surgical Instrument 

Having Recording Capabilities", Status: now U.S. Patent No. 7,845,537; 

(42) U.S. Patent Application Serial No. 13/369,561, entitled "Automated End Effector 

Component Reloading System For Use With a Robotic System", Status: Applicant has not yet 

received an Action on the merits; 

(43) U.S. Patent Application Serial No. 13/369,569, entitled "Robotically-Controlled 

Surgical Instrument With Force-Feedback Capabilities", Status: A Non-Final Office Action was 

mailed on August 10, 2012. Applicant has not yet responded to that Action; 

(44) U.S. Patent Application Serial No. 13/372,195, entitled "Robotically-Controlled 

End Effector", Status: Applicant has not yet received an Action on the merits; 

(45) U.S. Patent Application Serial No. 11/538,154, entitled "Articulating Surgical 

Stapling Instrument Incorporating a Two-Piece E-Beam Firing Mechanism", Status: 

Abandoned; 

(46) U.S. Patent Application Serial No. 10/443,617, entitled "Surgical Stapling 

Instrument Incorporating an E-Beam Firing Mechanism", Status: now U.S. Patent No. 

6,978,921; 

(47) U.S. Patent Application Serial No. 13/369,601, entitled "Robotically-Controlled 

Surgical End Effector System", Status: A Restriction Requirement was mailed on August 31, 

2012. A Response was filed on October 1, 2012; and 

(48) U.S. Patent Application Serial No. 13/489,500, Status: Application is pending, 

not yet issued. 
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Applicant's present Response should not in any way be taken as acquiescence to any of 

the specific assertions, statements, etc., presented in the Official Action not explicitly addressed 

herein. Applicant reserves the right to specifically address all such assertions and statements in 

subsequent responses. Applicant also reserves the right to seek claims of a broader or different 

scope in a continuation application. 

Applicant has made a diligent effort to properly respond to the Official Action and 

believes that the claims are in condition for allowance. If the Examiner has any remaining 

concerns, the Examiner is invited to contact the undersigned at the telephone number set forth 

below so that such concerns may be expeditiously addressed. 

K&L GATES LLP 
K&L Gates Center 
210 Sixth Avenue 
Pittsburgh, Pennsylvania 15222 
(412) 355-8303 
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AMENDMENT TRANSMITTAL 

1. Transmitted herewith is an amendment for this application. 

STATUS 

2. Applicant is 

D A statement that this filing is by a small entity is hereby asserted in 
accordance with the rule change effective September 8, 2000, 65 Fed. Reg. 54603. 

~ other than a small entity. 
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3. The proceedings herein are for a patent application and the provisions of 37 CFR 1.136 apply. 

(complete (a) or (b), as applicable) 

(a) D Applicant petitions for an extension of time under 37 CFR 1.136 
(fees: 37 CFR 1.17(a)-(d) for the total number of months checked below: 

Extension Fee for other than Fee for 
(months) small entity small entity 

Done month $ 150.00 $ 75.00 

D two months $ 570.00 $285.00 

D three months $1,290.00 $645.00 

D four months $2,010.00 $1,005.00 

Fee:1 

If an additional extension of time is required, please consider this a petition therefor. 

(check and complete the next item, if applicable) 

D 

(b) 

An extension for ______ months has already been secured and the fee paid 
therefor of$ is deducted from the total fee due for the total months of 
extension now requested. 

Extension fee due with this request ! 
OR 

Applicant believes that no extension of term is required. However, this conditional 
petition is being made to provide for the possibility that applicant has inadvertently 
overlooked the need for a petition for extension of time. 
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FEE FOR CLAIMS 
4. The fee for claims (37 CFR 1.16(b)-(d) has been calculated as shown below: 

OTHER THAN A 
(Col. 1) (Col. 2) (Col. 3) SMALL ENTITY SMALL ENTITY 

CLAIMS 
REMAINING HIGHEST NO 

AFTER PREVIOUSLY PRESENT ADDIT. ADDIT. 
AMENDMENT PAID FOR EXTRA RATE FEE OR RATE FEE 

TOTAL 28 • MINUS 20 •• =8 X31= $0 X62= $496.00 

INDEP. 6• MINUS 3 ••• =3 X125= $0 X250= $750.00 

0 FIRST PRESENTATION OF MULTIPLE DEP. CLAIM +230= $ +460= $0 

(c) 

(d) 

5. 

TOTAL OR TOTAL 
ADDIT. ADDIT. 

FEE $0 FEE $1,246.00 

• If the entry in Col. 1 is less than entry in Col. 2, write "O" in Col. 3. 

•• If the "Highest No. Previously Paid for" IN THIS SPACE is less than 20, enter "20." 

••• If the "Highest No. Previously Paid for'' IN THIS SPACE is less than 3, enter "3." 
The "Highest No. Previously Paid for'' (Total or indep.) is the highest number found in the appropriate box in Col. 1 of 
a prior amendment or the number of claims originally filed. 

WARNING "After final rejection or action (§ 1.113) amendments may be made cancelling claims or complying with any 
requirement of form which has been made." 37 CFR § 1.116(a) (emphasis added). 

Complete (c) or (d), as applicable) 

D No additional fee for claims is required. 

OR 

Total additional fee for claims required $-'1"""2"-'4"""6..;.;.0c..:0 _______ _ 

FEE PAYMENT 

Attached is a check in the sum of$ ____________ _ 

Charge Account No. 11-1110 the sum of $"""1'"'"'2'---4~6~.o""'o _______ _ 
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FEE DEFICIENCY 
NOTE: ff there is a fee deficiency and there is no authorization to charge an account, additional fees are necessary 

to cover the additional time consumed in making up the original deficiency. If the maximum, six-month 
period has expired before the deficiency is noted and corrected, the application is held abandoned. In those 
instances where authorization to charge is included, processing delays are encountered in returning the 
papers to the PTO Finance Branch in order to apply these charges prior to action on the cases. 
Authorization to charge the deposit account for any fee deficiency should be checked. See the Notice of 
April 7, 1986, (1065 O.G. 31-33). 

6. [ZI If any additional extension and/or fee is required, charge Account No. 

11-1110. 

AND/OR 

7. fZI If any additional fee for claims is required, charge Account No. 

11-1110. 

Reg. No.: 34,324 

Tel. No.: (412) 355-8303 

Customer No. 92223 

SIGNATURE OF ATT 

Thomas J. Edgington 
(type or print name of attorney) 

K&L Gates LLP 
P.O. Address 
K&L Gates Center 
210 Sixth Avenue 
Pittsburgh, PA 15222-2613 
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PTO/SB/06 (07-06) 
Approved for use through 1/31/2007. 0MB 0651-0032 

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date 

Substitute for Form PTO-875 13/369,609 02/09/2012 D To be Mailed 

APPLICATION AS FILED- PART I OTHER THAN 

(Column 1) (Column 2) SMALL ENTITY D OR SMALL ENTITY 

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($) 

D BASIC FEE N/A N/A N/A N/A 
(37 CFR 1.16(a), (b), or (c)) 

D SEARCH FEE 
(37 CFR 1.16(k), (i), or (ml) 

N/A N/A N/A N/A 

D EXAMINATION FEE 
(37 CFR 1.16(0), (p), or (q)) 

N/A N/A N/A N/A 

TOTAL CLAIMS 
* X $ OR X $ (37 CFR 1.16(i)) minus 20 = = = 

INDEPENDENT CLAIMS 
minus 3 = * X $ X $ (37 CFR 1.16(h)) = = 

If the specification and drawings exceed 100 

0APPLICATION SIZE FEE 
sheets of paper, the application size fee due 
is $250 ($125 for small entity) for each 

(37 CFR 1.16(s)) additional 50 sheets or fraction thereof. See 
35 U.S.C. 41 (a)(1 )(G) and 37 CFR 1.16(s). 

D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 

* If the difference in column 1 is less than zero, enter "O" in column 2. TOTAL TOTAL 

APPLICATION AS AMENDED - PART II 
OTHER THAN 

(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY 

CLAIMS HIGHEST 

11/13/2012 REMAINING NUMBER PRESENT 
RATE($) 

ADDITIONAL 
RATE($) 

ADDITIONAL 
f-- AFTER PREVIOUSLY EXTRA FEE($) FEE($) 
z AMENDMENT PAID FOR w 

Total (37 CFR ~ 1.16(i)) · 28 Minus ** 20 = 8 X $ = OR X $62= 496 
0 

Independent z * 6 Minus ***3 = 3 X $ = OR X $250= 750 w (37 CFR 1 .16fh\\ 

~ D Application Size Fee (37 CFR 1.16(s)) 
<( 

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR 

TOTAL TOTAL 
ADD'L OR ADD'L 1246 
FEE FEE 

(Column 1) (Column 2) (Column 3) 

CLAIMS HIGHEST 
REMAINING NUMBER PRESENT 

RATE($) 
ADDITIONAL 

RATE($) 
ADDITIONAL 

AFTER PREVIOUSLY EXTRA FEE($) FEE($) 

f--
AMENDMENT PAID FOR 

z Total (37 CFR * Minus ** = X $ = OR X $ = w 1.16(i\\ 

~ Independent 
* Minus *** X $ = OR X $ = 

0 (37 CFR 1.16(hll = 

z D Application Size Fee (37 CFR 1.16(s)) w 
~ D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) <( OR 

TOTAL TOTAL 
ADD'L OR ADD'L 
FEE FEE 

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. Legal Instrument Examiner: 
** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /ANGELONA JONES/ 
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3". 

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1. 

This collection of 1nformat1on 1s required by 37 CFR 1.16. The 1nformat1on 1s required to obtain or retain a benefit by the public which 1s to file (and by the US PTO to 
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, 
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you 
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. 
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS 
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450. 

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2. 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 
UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

NOTICE OF ALLOWANCE AND FEE(S) DUE 

92223 7590 12/11/2012 

K&L Gates LLP 
210 SIXTH A VENUE 
PITTSBURGH, PA 15222-2613 

EXAMINER 

NASH, BRIAND 

ART UNIT PAPER NUMBER 

3721 

DATE MAILED: 12/11/2012 

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

13/369,609 02/09/2012 Frederick E. Shelton IV END5924USCNT2/060339CON2 9149 

TITLE OF INVENTION: DRIVE INTERFACE FOR OPERABLY COUPLING A MANIPULATABLE SURGICAL TOOL TO A ROBOT 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

nonprovisional NO $1770 $300 $0 $2070 03/11/2013 

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT. 
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS. 
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON 
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308. 

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE 
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS 
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES 
NOT REFLECT A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS 
PREVIOUSLY BEEN PAID IN THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM 
WILL BE CONSIDERED A REQUEST TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW 
DUE. 

HOW TO REPLY TO THIS NOTICE: 

I. Review the SMALL ENTITY status shown above. 

If the SMALL ENTITY is shown as YES, verify your current 
SMALL ENTITY status: 

A. If the status is the same, pay the TOTAL FEE(S) DUE shown 
above. 

B. If the status above is to be removed, check box 5b on Part B -
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) 
and twice the amount of the ISSUE FEE shown above, or 

If the SMALL ENTITY is shown as NO: 

A. Pay TOTAL FEE(S) DUE shown above, or 

B. If applicant claimed SMALL ENTITY status before, or is now 
claiming SMALL ENTITY status, check box 5a on Part B - Fee(s) 
Transmittal and pay the PUBLICATION FEE (if required) and 1/2 
the ISSUE FEE shown above. 

IL PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office 
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b" 
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. If an equivalent of Part B is filed, a 
request to reapply a previously paid issue fee must be clearly made, and delays in processing may occur due to the difficulty in recognizing 
the paper as an equivalent of Part B. 

III. All communications regarding this application must give the application number. Please direct all communications prior to issuance to 
Mail Stop ISSUE FEE unless advised to the contrary. 

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of 
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. 

Page 1 of 3 
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PART B - FEE(S) TRANSMITTAL 

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE 
Commissioner for Patents 
P.O. Box 1450 

or Fax 
Alexandria, Virginia 22313-1450 
(571)-273-2885 

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where 
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as 
indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for 
maintenance fee notifications. 

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the 
Fee(s) Transmittal. This certificate cannot be used for any other accompanying 
papers. Each additional paper, such as an assignment or formal drawing, must 
have its own certificate of mailing or transmission. 

92223 7590 12/11/2012 

K&L Gates LLP 
210 SIXTH A VENUE 
PITTSBURGH, PA 15222-2613 

APPLICATION NO. FILING DATE 

13/369,609 02/09/2012 

Certificate of Mailing or Transmission 
I hereby certify that this Fee(s) Transmittal is being deposited with the United 
States Postal Service with sufficient postage for first class mail in an envelope 
addressed to the Mail Stop ISSUE FEE address above, or being facsimile 
transmitted to the USPTO (571) 273-2885, on the date indicated below. 

(Depositor's name) 

(Signature) 

(Date) 

FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO. 

Frederick E. Shelton IV END5924USCNT2/060339CON2 9149 

TITLE OF INVENTION: DRIVE INTERFACE FOR OPERABLY COUPLING A MANIPULATABLE SURGICAL TOOL TO A ROBOT 

APPLN. TYPE SMALL ENTITY ISSUE FEE DUE 

nonprovisional NO $1770 

EXAMINER ART UNIT 

NASH, BRIAND 3721 

1. Change of correspondence address or indication of "Fee Address" (37 
CFR 1.363). 

0 Change of correspondence address ( or Change of Correspondence 
Address form PTO/SB/122) attached. 

0 "Fee Address" indication (or "Fee Address" Indication form 
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 
Number is required. 

PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE 

$300 $0 

CLASS-SUBCLASS 

227-175100 

2. For printing on the patent front page, list 

(1) the names of up to 3 registered patent attorneys 
or agents OR, alternatively, 

(2) the name of a single firm (having as a member a 
registered attorney or agent) and the names of up to 
2 registered patent attorneys or agents. If no name is 
listed, no name will be printed. 

$2070 03/11/2013 

2 ______________ _ 

3 ______________ _ 

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type) 

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for 
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment. 

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY) 

Please check the appropriate assignee category or categories (will not be printed on the patent) : 0 Individual O Corporation or other private group entity O Government 

4a. The following fee(s) are submitted: 

0 Issue Fee 

0 Publication Fee (No small entity discount permitted) 

0 Advance Order - # of Copies _________ _ 

5. Change in Entity Status (from status indicated above) 

0 a. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. 

4b. Payment ofFee(s): (Please first reapply any previously paid issue fee shown above) 

0 A check is enclosed. 

0 Payment by credit card. Form PTO-2038 is attached. 

0 The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any 
overpayment, to Deposit Account Number ( enclose an extra copy of this form). 

0 b. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR l.27(g)(2). 

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in 
interest as shown by the records of the United States Patent and Trademark Office. 

Authorized Signature _______________________ _ Date ____________________ _ 

Typed or printed name ______________________ _ Registration No. ________________ _ 

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process) 
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and 
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete 
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O. 
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, 
Alexandria, Virginia 22313-1450. 
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid 0MB control number. 

PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. 0MB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE 
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UNITED STA IBS p A IBNT AND TRADEMARK OFFICE 

APPLICATION NO. FILING DATE 

13/369,609 02/09/2012 

92223 7590 12/11/2012 

K&L Gates LLP 
210 SIXTH A VENUE 
PITTSBURGH, PA 15222-2613 

FIRST NAMED INVENTOR 

Frederick E. Shelton IV 

UNITED STATES DEPARTMENT OF COMMERCE 
United States Patent and Trademark Office 
Address: COMMISSIONER FOR PATENTS 

P.O. Box 1450 
Alexandria., Virginia 22313-1450 
www.uspto.gov 

ATTORNEY DOCKET NO. CONFIRMATION NO. 

END5924USCNT2/060339CON2 9149 

EXAMINER 

NASH, BRIAND 

ART UNIT PAPER NUMBER 

3721 

DATE MAILED: 12/11/2012 

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b) 
(application filed on or after May 29, 2000) 

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the 
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half 
months) after the mailing date of this notice, the Patent Term Adjustment will be O day(s). 

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that 
determines Patent Term Adjustment is the filing date of the most recent CPA. 

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval 
(PAIR) WEB site (http://pair.uspto.gov). 

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of 
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be 
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571 )-272-4200. 
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Privacy Act Statement 

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with 
your submission of the attached form related to a patent application or patent. Accordingly, pursuant to 
the requirements of the Act, please be advised that: (1) the general authority for the collection of this 
information is 35 U.S.C. 2(b )(2); (2) furnishing of the information solicited is voluntary; and (3) the 
principal purpose for which the information is used by the U.S. Patent and Trademark Office is to process 
and/or examine your submission related to a patent application or patent. If you do not furnish the 
requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine 
your submission, which may result in termination of proceedings or abandonment of the application or 
expiration of the patent. 

The information provided by you in this form will be subject to the following routine uses: 

1. The information on this form will be treated confidentially to the extent allowed under the Freedom 
of Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of 
records may be disclosed to the Department of Justice to determine whether disclosure of these 
records is required by the Freedom of Information Act. 

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting 
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel 
in the course of settlement negotiations. 

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress 
submitting a request involving an individual, to whom the record pertains, when the individual has 
requested assistance from the Member with respect to the subject matter of the record. 

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency 
having need for the information in order to perform a contract. Recipients of information shall be 
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 
U.S.C. 552a(m). 

5. A record related to an International Application filed under the Patent Cooperation Treaty in this 
system of records may be disclosed, as a routine use, to the International Bureau of the World 
Intellectual Property Organization, pursuant to the Patent Cooperation Treaty. 

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for 
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy 
Act (42 U.S.C. 218(c)). 

7. A record from this system of records may be disclosed, as a routine use, to the Administrator, 
General Services, or his/her designee, during an inspection of records conducted by GSA as part of 
that agency's responsibility to recommend improvements in records management practices and 
programs, under authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance 
with the GSA regulations governing inspection of records for this purpose, and any other relevant 
(i.e., GSA or Commerce) directive. Such disclosure shall not be used to make determinations about 
individuals. 

8. A record from this system of records may be disclosed, as a routine use, to the public after either 
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 
U.S.C. 151. Further, a record may be disclosed, subject to the limitations of 37 CPR 1.14, as a 
routine use, to the public if the record was filed in an application which became abandoned or in 
which the proceedings were terminated and which application is referenced by either a published 
application, an application open to public inspection or an issued patent. 

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local 
law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or 
regulation. 
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Notice of Allowability 

Application No. 

13/369,609 
Examiner 

BRIAN D. NASH 

Applicant(s) 

SHELTON, FREDERICK E. 
Art Unit 

3721 

-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address-­
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included 
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS 
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative 
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308. 

1. 1:8] This communication is responsive to amendment filed 11/13/2012. 

2. D An election was made by the applicant in response to a restriction requirement set forth during the interview on __ ; the restriction 
requirement and election have been incorporated into this action. 

3. 1:8] The allowed claim(s) is/are 1 and 4-30. As a result of the allowed claim(s), you may be eligible to benefit from the Patent 
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information, 
please see http://www.usoto.aov/patents/init events/oph/index.iso or send an inquiry to PPHfeedback(@usoto.gov . 

4. D Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f). 

a) D All b) D Some* c) D None of the: 

1. D Certified copies of the priority documents have been received. 

2. D Certified copies of the priority documents have been received in Application No. __ . 

3. D Copies of the certified copies of the priority documents have been received in this national stage application from the 

International Bureau (PCT Rule 17.2(a)). 

* Certified copies not received: __ . 

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements 
noted below. Failure to timely comply will result in ABANDONMENT of this application. 
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. 

5. D CORRECTED DRAWINGS ( as "replacement sheets") must be submitted. 

D including changes required by the attached Examiner's Amendment/ Comment or in the Office action of 
Paper No./Mail Date __ . 

Identifying indicia such as the application number {see 37 CFR 1.84{c)) should be written on the drawings in the front {not the back) of 
each sheet. Replacement sheet{s) should be labeled as such in the header according to 37 CFR 1.121{d). 

6. 0 DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the 
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL. 

Attachment(s) 
1. D Notice of References Cited (PTO-892) 

2. D Information Disclosure Statements (PTO/SB/08), 
Paper No./Mail Date __ 

3. D Examiner's Comment Regarding Requirement for Deposit 
of Biological Material 

4. D Interview Summary (PTO-413), 
Paper No./Mail Date __ . 

/BRIAN D NASH/ 
Primary Examiner, Art Unit 3721 

U.S. Patent and Trademark Office 

5. 1:8] Examiner's Amendment/Comment 

6. D Examiner's Statement of Reasons for Allowance 

7. D Other __ . 

PTOL-37 (Rev. 09-12) Notice of Allowability Part of Paper No./Mail Date 20121203 
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Application/Control Number: 13/369,609 

Art Unit: 3721 

DETAILED ACTION 

Examiner's Comments 

Page 2 

1. This action is in response to applicant's amendment received 11/13/2012. The pending claims 

are now 1 and 4-30. 

2. All matters of form have been remedied and applicant's amendment has combined the indicated 

allowable subject matter with their respective base claims which now places the application in condition 

for allowance over the prior art of record. 

The prior art of record shows similar examples of elements disclosed in applicant's invention; 

however, it is the examiner's opinion that it would not have been obvious to one having ordinary skill in 

the art at the time of the invention to combine or modify the prior art in order to arrive at applicant's 

invention. 

Conclusion 

3. Any inquiry concerning this communication or earlier communications from the examiner should 

be directed to Brian Nash whose telephone number is 571-272-4465. The examiner can normally be 

reached on Monday - Friday from 8 a.m. to 4 p.m. If attempts to reach the examiner by telephone are 

unsuccessful, the examiner's supervisor, M. Alexandra Elve can be reached at 571-272-1173. The official 

fax number for this Group is: 571-273-8300. 

4. Information regarding the status of an application may be obtained from the Patent Application 

Information Retrieval (PAIR) system. For more information about the PAIR system, see www.uspto.gov. 

Should you have questions on access to the Private PAIR system, contact the Electronic Business Center 

(EBC) at 866-217-9197 (toll-free). 

/Brian D. Nash/ 
Primary Examiner, Art Unit 3721 
12/3/2012 
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! ! ! ! USPAT: ! ! i 
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ID1D98 ! S7 and (trigger or handle) and anvil and ! US- !DR !D 2006/09/27: 

lll .......................................................................................................... 1e~T;l ......................... 1 .......................... 1 
! ! !ridge))andcartridgeand(triggerorhandle) !PGPUB;! ! 09:14 ! 
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1010 
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1011 107 ! "227"/$.ccls. and ((jaw or anvil) with (gripping! US- !DR !02006/09/27: 

Ill han:I:) ::(s:v:r:rcut:rknifeor:l:de)I e~T;l ......................... 1 .......................... 1 
! ! ! with jaw) and ((clamp or grip) same tissue) ! PGPUB; ! ! 09:50 ! 
!014 iD6 ! "227"/$ and stapler and ((upper or lower) ! US- !DR !D 2006/09/27! 

Ill ~~g:~vilan::rtri::::nd h:ndle:nd I e~T; I ........................ I ........................ j 
! with jaw) and ((clamp or grip) same tissue) PGPUB; ! ! 09:50 : 
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i "3494533" "3593903" "3643851" ! PGPUB; i 08:32 
i "3763860" "3777538" "3837555" i USPAT; 
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i "4763669" "4784137" "4787387" 
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........ J ........... ..! "RE28932" ..... ".RE33362")__ PN ......................................... J ............................................. · :c:.:===.:.:.:.:.:.::1 

DD
: ("20040173659").PN. : US- :DR rlFF l20071o8/16, 
i I PGPUB;: : ! 08:32 : 

I l~~~T;I I I I 
............ ! .......................................................................................................... :JPO ......... : ......................... : ................. j .......................... : 

0
3 ID: 606/139.ccls. and stapler and cartridge and I US- :DR :ON ! 2009/02/20: 

I : anvil and (control same articulate) ! PGPUB;: : ! 10:40 : 

1 1 1e~T;1 1 1 1 
' -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~ ' ~ ~~~~~~~~~~~~~' 

0
5 106 : "227"/$ and stapler and ((upper or lower) ! US- :DR :ON ! 2009/11/08: 

I : with jaw) and ((clamp or grip) same tissue) ! PGPUB;: : ! 11 :46 : 
I j and anvil and cartridge and handle and I USPAT; j j ! j 
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I; ....................................................................................................... .J JPO ...... : ........................ : ................. J . .. ........... : 
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! I : with jaw) and ((clamp or grip) same tissue) I PGPUB;: : ! 11 :46 : 
! ! ! and anvil and cartridge and handle and ! USPAT; ! ! ! ! 
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lS31 r1 I ((DAVID) near2 (<?flEEN)).INV. I US- :DR !DN ! 2009/12/29! 
i I i iPGPUB·i i !09-15 i 
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I $ .. or. DE-4321.002-$ .. or. DE-4207873-$) .did: ........ J ........................ , ................... , .......................... , 

IDD ~~s~~~~t~:e
9
~~d(clutchor~~wl)~ndl ;~~:ID[ I ;~~~~ 1 ~~~1 

!Do !02 : (US-3955581-$ or US-RE28932-$ or us- rSPAT :DON i 2009/12/30: 

IJ m~~~~t~~!:~g~~~~it~~E~~~I_I J:_I 
IDD~o and (clutch or pawl) i;~~:i[][ e~~~

1

~] 
!02 

1
02 : (US-3955581-$ or US-RE28932-$ or us- rSPAT :DON 12009/12/30' 

Ill ~~~~~~t~~!:~i~~~~~~it~~~~d~~~~~::1 .................. 1. ............. l 
16

~

7

1 
'D3 'D: (("7624903") or ("5364002") or ! US- DOFF '2010/05/06' I ! I ("5289963")).PN. ! PGPUB;! 115 41 ! 
! I : ! USPAT; ! ! : I 
ll1" ________________________________________________________________________________________________________ 1j~; ___ J ________________ J __________________________ I 
IDD 2~7/17~3~1s a~d(t~til~ori~~icator)I ;~~'. l[][I ~~'.2~0~/] 

IDD ~~1
1
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~~
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IS48 rg i S47 and jaw and cartridge i us- !DR :ON j 2010/07/09: 
i i i i PGPUB·i i i21"47 i 

I I I 1e~T:1 I I · ! 
iD:0--------------------------------------------------------------------------------------------------------,-----------------:D:O--------------------------: I S49 I 657 : S48 and (trigger or handle) and anvil and I US- : OR : ON ! 2010/07/09\ 
I I : (sever or cut or knife or blade) ! PGPUB;: : ! 21 :47 : 

I I I l~~~T;I I I I 
I --------__! ------------_: --------------------------------------------------------------------------------------------------------___! JPO --------: ------------------------: ------------------_! --------------------------: ro ID: ("20090095790").PN. I US- :DR rlFF !2010/07/13! 
i i i i PGPUB·i i i 14·16 i 

I I I l~~~T:1 I I . I 
1----------1------------j ----------------------------------------------------------------------------------------------------------IJPO----,----:-------------------------:----------------- j --------------------------: 
r51 r !((MICHA8-) near2 (WHITMAN)).INV. i us- !DR :DN j 2010/07/13: 
i i i i PGPUB·i i i 14·17 i 
I I : I USPAT: : : I . : 
I I : ! USOCR! : ! : 

r2 iLJs : ((DONALD) near2 (MALINOUSKAS)).INV. ! US- !DR !DN j2010/07/13! 
i i , i PGPUB·i i t 14·18 i 

l_l_l_l~~I_I_I __ I 
i I i ! PGPUB·i i i 14·18 i 
r3 ![6 i ((PETER) near2 (DATCUK)).INV. ! US- :DR :DN !2010/07/13! 

l----------l-------------l-----------------------------------------------------------------------------------------------------------l~~~~l------------------------l-------------------1--------------------------I 
i i i i PGPUB· 0 , i 14·19 , 
r54 r1 i ((DAVID) near2 (NICHOLAS)).INV. i us- !DR :DN j 2010/07/13: 

I ________ J ____________ I _______________________________________________________________________________________________________ J ~~~~J _________________________ I ________________ J _____ . __________________ J 
1Ds1D35 r,1 S52S53S54 1us- IDR joN !2010/07/13j i i , i PGPUB·, , i 14·19 , 

I I ! 1e~T:1 ! I · ! 
,····' .............•........................................................................................................ , .............. • ......................... • .................... , .......................... · 

IS56 r4 !S55 and jaw and gear and shaft i us- !DR :ON j2010/07/13: 
i i , i PGPUB·i i i 14·20 i 

I I I 1~~~T:1 I I . I 
I --------__! ------------_: --------------------------------------------------------------------------------------------------------___! JPO --------: ------------------------: ------------------_! --------------------------: r 102 i (US-3955581-$ or US-RE28932-$ or us- rSPAT !DR :ON ! 2010/07/13: I I : 4204623-$ or U&4391402-$ or U&5484095-$ ! : : ! 16:28 : 
I I j or US-5289963-$ or U&5312023-$ or U& I : : ! : 
I I : 3892228-$ or U&4728020-$ or U&5484451-$ I : : j : 

I ----------1------------ j or--US-5452836-$ _or_ U&5547117-$) .did. ---------------1------------------: -------------------------: ----------------- j --------------------------: 
IS58 r91 !227/175.1,19,175.2,179.1,180.1.cds. and (jaw! us- !DR :ON j2010/07/13: 
I I : or clamp) and gear I PGPUB;: : j 16:33 : 

1 1 1 1e~T;1 1 1 1 

io:0--------------------------------------------------------------------------------------------------------,-----------------:D:o--------------------------: 
!S59 !304 !227/175.1,19,175.2,179.1,180.1.ccls. and !US- !OR !ON !2010/07/13! 
I I : ((jaw or clamp) same (closed or pivot)) and I PGPUB;i : l 16:34 : 
I I i gear I USPAT;: : ! : 
I I : ! EPO; : : I : 
I --------__! ------------_: --------------------------------------------------------------------------------------------------------___! JPO --------: ------------------------: ------------------_! --------------------------: 

I I :(arrayorrow))andjawandgear PGPUB;: : !21:19 : 
r60 l78 I 227/19.ccls. and ((staples or fastener) with US- !nR rN 12010/07/13! 
I I I USPAT; I I I I 
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l .......... 11 ............. 11 ........................................................................................................... llj~; ...... ll ........................ ll ................... 11 .......................... 1 

0
1 ID42 I "227"/$.ccls. and shaft and effector and (pivot I US- :DR rN 12010/07/13! 

I : or roatate) and (jaw or anvil) and gear I PGPUB;: : ! 21 :30 : 

I I l~~~T;I I I I 
lj .......................................................................................................... 1 JP() ......... : ......................... : ................. j ............. : 

0
21068 : "227"/$.ccls. and shaft and (effector with I US- :DR :ON ! 2010/07/13: 

I : (pivot or roatate)) and (jaw or anvil) and ! PGPUB;: : ! 21 :31 : 
I : gear ! USPAT;: : ! : 

11 " ........................................................................................................ I ~~~ ....... 1 ........................ 1 ................ J . .. ............ 1 

0
3ID65 : "227"/$.ccls. and shaft and (effector with ! US- :DR :ON ! 2010/07/13: 

I : (pivot or roatate)) and (jaw or anvil) and gear! PGPUB;: : ! 21 :31 : 
I : and (row or array or cartridge) I USPAT; I I ! I 

11 ....................................................................................................... ..J j~; ...... 1 ........................ 1 ................ .J . .. ........... 1 

864 215 ("2448741" "3079606" "3490675 I ! US- OR ON !2010/07/13! 
"3499591" "3593903" "3618842" ! PGPUB; . 
"3643851" "3662939" "3675688" ! USPAT; 
"3717294" "3735762" "3788303" ! USOCR 
"3815476" "3819100" "3837555" ! 
"3892228" "3949924" "4086926" ! 
"4111206" "4169476" "4207873" ! 
"4273129" "4331277" "4349028" ! 
"4383634" "4429695" "4520817" ! 
"4562839" "4566620" "4573468" ! 
"4573622" "4580712" "4606343" ! 
"4610383" "4633874" "4671445" ! 
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"4728020" "4754909" "4763669" ! 
"4784137" "4819853" "4821942" ! 
"4848637" "4880015" "4941623" ! 
"4944443" "4955959" "4978049" ! 
"5018657" "5040715" "5042707" ! 
"5047038" "5071430" "5170925" ! 
"Re28932")__PN .. OR.("53 .. 2023")_.URPN ................ J 

~,::::==:F===============;:O:==c.:;::.::===c;~==c.:;~===c.:;I 
S65!179 !("3079606 I "3490675 I "4244372 I !us- !OR !2010/07/13! 

!"4429695" "4520817" "4589413" iPGPUB·i !21:55 i 
: "4605001" "4608981" "4610383" ! USPAT: i 
: "4633861" "4633874" "4672964" ! USOCR i 
: "4763669" "4863088" "4880015" 
i "4892244" "4978049" "4991764" 
i "5040715" "5065929" "5071052" 
!"5074454" "5083695" "5111987" 
!"5129570" "5141144" "5152279" 
i "5209747" "5275608" "5282826" 
: "5307976" "5312023" "5318221" 
: "5326013" "5330502" "5332142" 
i "5350391" "5354311" "5374277" 
i "5376095" "5383888" "5397046" 
i "5415334" "5415335" "5433721" 
i "5465895" "5467911" "5474566" 
i "5474571" "5484451" "5486185" 
: "5487500" "5507426" "5535935" 
: "5582617" "5605272" "5630539" 
i "5762255" "5797537" "5820009" 

i i "5901895" "6010054" "6032849" i , , i , 

I I "Re34519").PN. OR ("6241139").URPN. I I I I I 

il1

104 I c· 5605272" I "5743456" I "5779130" I US- 'nR ,

1

0N 12010/07/13, 
j "5797537" I "5829662" I "5893506" I PGPUB; j j ! 21 :56 j 
: "5901895" I "5964394" I "6010054" I USPAT;: : ! : 
: ; ; ~ ; 
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l 'I ·1 'I ·1 ·1 'I . ........ J .......... ...1 ~?i~iiit~.,l_. ~6i~~65") .. A'J.' OR ................................ J USOCR 1 ........................ I ................ ...I .......................... I DD 227/19.ccls. and ((staples or fastener) with I US- IDR rN 12010/08/281 
I j(arrayorrow))andjawandgear !PGPUB;: : !15:10 : 

I I l~~~T;I I I I 
lj ----------------------------------------------------------------------------------------------------------!JPO _________ ! _________________________ ! _________________ j _____________ ! DD 128/898.ccls. and ((staples or fastener) with I US- IDR !ON ! 2010/08/28! 
! !(arrayorrow))andjawandgear !PGPUB;! ! !15:10 ! 
i , i USPAT i i i i 

I I lj~; ·1 I I I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~- ~ ~~~~~~~~~~~~~' 

DDl128/898ccls IUS- IDR :ON !2010/08/28! I i iPGPUB·i i !15-10 i 

I i I USPAT: i i I ' i 
II 1~'1 ........................ 11 .............. 1 DD ( ("20070023477") or ("7241288")) .PN. I US- IDR rlFF 12010/ 11/ 19I 
i i i PGPUB-, , i 16'42 ' 

I I 1~~~T:1 I I - I 
I! .......................................................................................................... !JPO ........ ,! ...................... , .. ! ................ , .. ! .......... , .. ! DD ("2007002377"). PN. I US- IDR IOFF 12010/ 11/ 191 i i i PGPUB·i i i 16'42 i 
! i ! USPAT: ! ! ! . ! 

I I lj~; ·1 I I I 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~~~~~~' ~~~~~~~~~~~~~~~~~~~- ~ ~~~~~~~~~~~~~' 

I i ! PGPUB·i i i 16·27 i 
DD ("20110240714") .PN. I US- IDR IIOFF I 2012/05/051 

11 ........................................................................................................ .J ~~~~ 1 ........................ I ................ ...I _ - ............. I 
873 545 (US-20060180634-$ or U&20060175375-$ or US- OR OFF ! 2012/05/05! 

U&20060025816-$ or US-20060097026-$ or PGPUB; ! 17:46 i 
U&20060060630-$ or US-20060049230-$ or USPAT; 
U&20060022015-$ or US-20060022014-$ or EPO 
U&20060000868-$ or US-20050173490-$ or 
U&20060000867-$ or US-20050263562-$ or 
U&20050178813-$ or US-20050070958-$ or 
U&20050070925-$ or US-20050023324-$ or 
U&20050067459-$ or US-20050067458-$ or 
U&20050067457-$ or US-20040232196-$ or 
U&20040232200-$ or US-20040232199-$ or 
U&20040232197-$ or US-20040232195-$ or 
U&20060212069-$ or US-20030009193-
$) .did. or ( US-20090105535-$ or U& 
20040173659-$ or U&20090314820-$ or US-
20090095790-$ or U&20100161399-$ or US-
20100151525-$ or U&20100143247-$ or US-
20100112139-$ or U&20100087841-$ or US-
20100033478-$ or U&20100031114-$ or US-
20100030233-$ or U&20100025452-$ or US-
20100018890-$ or U&20100007517-$ or US-
20090311384-$ or U&20090298807-$ or US-
20090292842-$ or U&20090271477-$ or US-
20090230138-$ or U&20090222384-$ or US-
20090221828-$ or U&20090204547-$ or US-
20090198298-$ or U&20090197748-$ or US-
20090182193-$ or U&20090174764-$) .did. or 
(US-20090146596-$ or U&20090105240-$ or 
U&20090101692-$ or US-20090099876-$ or 
U&20090087464-$ or US-20090049733-$ or 
U&20090039088-$ or US-20090001688-$ or 
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U&20080306975-$ or US-20080243666-$ or 
U&20080127347-$ or US-20080079179-$ or 
U&20080034329-$ or US-20070277843-$ or 
U&20070220286-$ or US-20070192229-$ or 
U&20070175337-$ or US-20070162072-$ or 
U&20070130044-$ or US-20070112671 -$ or 
U&20070101135-$ or US-20070075116-$ or 
U&20070060618-$ or US-20070057014-$ or 
U&20070056932-$ or US-20070055304-$ or 
U&20070055219-$).did. or (U& 
20070023477-$ or U&20070023476-$ or US-
20060265391 -$ or U&20060259071 -$ or US-
20060247148-$ or U&20060235855-$ or US-
20060210677-$ or U&20060206124-$ or US-
20060089628-$ or U&20060020213-$ or US-
20060019564-$ or U&20050247136-$ or US-
20050210847-$ or U&20050192609-$ or US-
20050187576-$ or U&20050177311-$ or US-
20050144086-$ or U&20050125240-$ or US-
20050076050-$ or U&20050063099-$ or US-
20050011978-$ or U&20050011977-$ or US-
20040267898-$ or U&20040246639-$ or US-
20040242969-$ or U&20040219220-$ or US-
20040215524-$) .did. or (U&20040204297-$ 
or U&20040176479-$ or US-20040153124-$ 
or U&20040149802-$ or US-20040111081-$ 
or U&20040111012-$ or US-20040100139-$ 
or U&20040097958-$ or US-20040094597-$ 
or U&20040083915-$ or US-20040078214-$ 
or U&20040078047-$ or US-20040073033-$ 
or U&20040071115-$ or US-20040001460-$ 
or U&20030230659-$ or US-20030181930-$ 
or U&20030180815-$ or US-20030176794-$ 
or U&20030170177-$ or US-20030168403-$ 
or U&20030139320-$ or US-20030135229-$ 
or U&20030132268-$ or US-20030130677-$ 
or U&20030125717-$ or US-20030105478-
$) .did. or ( US-20030089757-$ or U& 
20030073982-$ or U&20030073981-$ or US-
20030055411-$ or U&20030055247-$ or US-
20030050654-$ or U&20030050628-$ or US-
20030018585-$ or U&20030009154-$ or US-
20020198554-$ or U&20020196930-$ or US-
20020193666-$ or U&20020177874-$ or US-
20020177860-$ or U&20020165541-$ or US-
20020165444-$ or U&20020158622-$ or US-
20020119721 -$ or U&20020084304-$ or US-
20020052623-$ or U&20020049454-$ or US-
20020040065-$ or U&20020034622-$ or US-
20020025800-$ or U&20020019642-$ or US-
20020012565-$ or U&20010056084-$) .did. or 
(US-20010045442-$ or U&20010031975-$ or 
U&20010029384-$ or US-20010009971 -$ or 
U&20060049229-$) .did. or (U& 7059508-$ or 
U& 7083075-$ or U&6988649-$ or U& 
7044352-$ or U& 7000819-$ or U& 7000818-$ 
or U&6905057-$ or U&6978921-$ or U& 
6959852-$ or U&5690269-$ or U&H002037-
$ or U& H001904-$ or US-5901895-$ or US-
5797538-$ or U&5540375-$ or U&5485947-$ 
or U&5779130-$ or U&5653374-$ or U& 
5636780-$ or U&5364001-$ or U&5484095-$ 
or U&5482197-$ or U&5456401-$ or U& 
5326013-$ or U&5312023-$ or U&5307976-
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$) .did. or ( US-7070083-$ or US-6755338-$ or 
U&5680982-$ or U&5487500-$ or U& 
5484451-$ or U&5397324-$ or U&5318221-$ 
or U&5240163-$ or U&5040715-$ or U& 
4951861-$ or U&4787387-$ or U&4662555-$ 
or U&4610383-$ or U&4520817-$ or U& 
4399810-$ or U&4375866-$ or U&5071430-$ 
or U&5084057-$ or U&4691853-$ or U& 
5156609-$ or U&4944443-$ or U&4919152-$ 
or U&4841888-$ or U&4821942-$ or U& 
4 784137-$ or U&4 728020-$ or U&4573622-
$) .did. or (US-4566620-$ or US-4519532-$ or 
U&4978049-$ or U&4256251-$ or U& 
4027510-$ or U&RE28932-$ or U&3777538-$ 
or U&3593903-$ or U&4664305-$ or U& 
5042707-$ or U&5381943-$ or U&5176702-$ 
or U&5174487-$ or U&5163945-$ or U& 
5161725-$ or U&5053038-$ or U&5049153-$ 
or U&5049152-$ or U&5047038-$ or U& 
5015249-$ or U&5002551-$ or U&4997436-$ 
or U&4919391-$ or U&4919320-$ or U& 
4919112-$ or U&4899745-$ or U&4887756-
$) .did. or (US-4887601-$ or US-4880015-$ or 
U&4874122-$ or U&4872456-$ or U& 
4821939-$ or U&4811886-$ or U&4807628-$ 
or U&4802478-$ or U&4789090-$ or U& 
5251801-$ or U&5246450-$ or U&5246156-$ 
or U&5222975-$ or U&5220928-$ or U& 
5147373-$ or U&5125553-$ or U&5100420-$ 
or U& RE33362-$ or U&4934364-$ or U& 
4747531-$ or U&4719917-$ or U&4706668-$ 
or U&4706655-$ or U&4671279-$ or U& 
4665906-$ or U&4662373-$ or U&4655221-
$) .did. or ( US-4618086-$ or US-4616650-$ or 
U&4610251-$ or U&4596350-$ or U& 
4592498-$ or U&4591086-$ or U&4550715-$ 
or U&4532927-$ or U&4527726-$ or U& 
4527724-$ or U&4523695-$ or U&4509518-$ 
or U&4506819-$ or U&4489875-$ or U& 
4485953-$ or U&4485816-$ or U&4452245-$ 
or U&4407286-$ or U&4838884-$ or U& 
4688555-$ or U&4763669-$ or U&4634035-$ 
or U&4454875-$ or U&4607638-$ or U& 
4624254-$ or U&4583670-$ or U&4603693-
$) .did. or ( US-4523707-$ or US-4562839-$ or 
U&4496090-$ or U&452617 4-$ or U& 
4406392-$ or U&4403693-$ or U&4347847-$ 
or U&4321002-$ or U&4317535-$ or U& 
4296751-$ or U&4261244-$ or U&4207873-$ 
or U&4204623-$ or U&3955581-$ or U& 
3314431-$ or U&4505273-$ or U&4349028-$ 
or U&4470532-$ or U&4316468-$ or U& 
4391402-$ or U&4196836-$ or U&4127227-$ 
or U&3643851-$ or U&3494533-$ or U& 
3871379-$ or U&3837555-$ or U&3763860-
$) .did. or ( US-4043504-$ or US-4014492-$ or 
U&3054406-$ or U&2448741-$ or U& 
0389660-$ or U&0312413-$ or U& 7751870-$ 
or U& 7743960-$ or U& 7695485-$ or U& 
7653823-$ or U& 7635385-$ or U& 7537602-$ 
or U& 7529265-$ or U& 7483408-$ or U& 
7330704-$ or U& 7322994-$ or U& 7298922-$ 
or U& 7271200-$ or U& 7264644-$ or U& 
7262603-$ or U& 7256166-$ or U& D545125-
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$ or U& 7222540-$ or U& 7206223-$ or U& 
7169159-$ or U& 7169158-$ or U& 7138236-
$) .did. or ( US-7132078-$ or US-7114642-$ or 
U& 7087071-$ or U& 7082392-$ or U& 
7077856-$ or U&D523698-$ or US-D523289-
$ or U& 7032971-$ or U& 7032798-$ or U& 
6981941-$ or U&6975983-$ or U&6951943-$ 
or U&6942799-$ or U&6887000-$ or U& 
6877686-$ or U&6873689-$ or U&6860442-$ 
or U&6849071-$ or U&6846309-$ or U& 
6846308-$ or U&6846307-$ or U&6843403-$ 
or U&6833657-$ or U&6830208-$ or U& 
6827306-$ or U&6804347-$ or U&6793652-
$) .did. or (US-6778130-$ or US-6775538-$ or 
U&6774138-$ or U&6771743-$ or U& 
6733445-$ or U&6726697-$ or U&6716233-$ 
or U&6716230-$ or U&6710092-$ or U& 
6698643-$ or U&6695199-$ or U&6681979-$ 
or U&6656957-$ or U&6566880-$ or U& 
6537212-$ or U&6533157-$ or U&6527980-$ 
or U&6517565-$ or U&6511688-$ or U& 
6505768-$ or U&6497716-$ or U&6495527-$ 
or U&6491201-$ or U&6489923-$ or U& 
6489873-$ or U&6488197-$ or U&6482654-
$) .did. or (US-6463301-$ or US-6460057-$ or 
U&6443973-$ or U&6440146-$ or U& 
6417723-$ or U&6416739-$ or U&6415149-$ 
or U&D458708-$ or U&6402073-$ or U& 
6393650-$ or U&6391039-$ or U&6364228-$ 
or U&6348061-$ or U&6335964-$ or U& 
D451576-$ or US-6316067-$ or US-6315184-
$ or U&6311075-$ or U&6264087-$ or U& 
6237140-$ or U&6233728-$ or U&6226791-$ 
or U&6213940-$ or U&6211676-$ or U& 
6197041-$ or U&6185571-$ or U&6169913-
$) .did. or (US-6167036-$ or US-6153245-$ or 
U&6152390-$ or U&6141724-$ or U& 
6134549-$ or U&6083234-$ or U&6081655-$ 
or U&6078734-$ or U&6064817-$ or U& 
6039279-$ or U& D420130-$ or US-6007864-
$ or U&6002873-$ or U&6000232-$ or U& 
5970126-$ or U&5967974-$ or U&5967973-$ 
or U&5951068-$ or U&5947896-$ or U& 
D411883-$ or US-D411299-$ or US-5882300-
$ or U&5879293-$ or U&5871488-$ or U& 
5868761-$ or U&5865733-$ or U&5850068-
$) .did. or (US-5844158-$ or US-5812836-$ or 
U&5812644-$ or U&5782859-$ or U& 
5746740-$ or U&5738897-$ or U&5728107-$ 
or U&5724997-$ or U&5721458-$ or U& 
5689708-$ or U&5674230-$ or U&5674229-$ 
or U&5591181-$ or U&5578048-$ or U& 
5571115-$ or U&D374284-$ or US-5522795-
$ or U&5514157-$ or U&5490819-$ or U& 
5486189-$ or U&5478344-$ or U&5431675-$ 
or U&5431662-$ or U&5425743-$ or U& 
D353457-$ or US-5334196-$ or US-5330501-
$) .did. or (US-5314424-$ or US-5224833-$ or 
U&5202057-$ or U&5073356-$ or U& 
5068058-$ or U&5022074-$ or U&5011670-$ 
or U&4988490-$ or U&4922206-$ or U& 
4912701-$ or U&4904930-$ or U&4861351-$ 
or U&4846851-$ or U&4836833-$ or U& 
4807630-$ or U&4761167-$ or U&4748665-$ 
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: or U&4732596-$ or U&4654047-$ or U& ! 
! 4522722-$ or U&4493326-$ or U&4328810-$ I 
: or U&4257897-$ or U&4242108-$ or U& i 
! 4228535-$ or U&4194179-$ or U&4185363- ! 
I $).did. or (US-4158107-$ or US-4144414-$ or I 
! U&4119772-$ or U&4084351-$ or U& I 
: 4049816-$ or U&4030371-$ or U&3958084-$: 
! or U&3947639-$ or U&3777066-$ or U& ! 
! 3763433-$ or U&3720971-$ or U&3551571-$ I 
: or U&3430725-$ or U&3372664-$ or U& i 
! 3326296-$ or U&3181639-$ or U&3892228-$ ! 
! or U&5478003-$ or U&5433721-$ or U& ! 
I 6786382-$ or U&6964363-$ or U&6241139-$ I 
: or U& 7241288-$) .did. or (DE-4204623-$ or ! 
i DE-4127227-$ or DE-3837555-$ or WO- i 
! 3054406-$ or DE-4321002-$ or DE-4207873- I 

' ' : $) . did."""""""""""""""""""""""""""""""""""""""""""""_} """""""""' """""""""""" ' """""""""'' """"""""""""" ' 

1uu=1~~~JDLl~I 
i I !and(gearwith(firstorsecond)) andjawand !PGPUB;! !19:14 : 
ILJ75 iuo6 ! "227"/$.ccls. and (driver with (first or second)) I US- :DIOFF I 2012105/05! 

111 ~~-~!! ______________________________________________________________________________________________ __! USPAT __! _ __ _______________ J ________________________ __! 

i I iand(gearwith(firstorsecond)) andjawand !PGPUB;! !19:15 : 
ILJ76 iLJo : "606"/$.ccls. and (driver with (first or second))! US- DIOFF I 2012105/05i 

111 ~~-~!! ______________________________________________________________________________________________ __! USPAT __ ! _ ----------------- j ________________________ __! 

i I ! ! PGPUB;! i 19:15 : 
!Un iLJ52 :ls75 S76 I us- :DIOFF 12012105;05: 

llj --------------------------------------------------------------------------------------------------------__! USPAT __I _ ----------------- j ________________________ __! 

IUD ~F~~:~1~(~:,=~~1~::~~~~:~~~1\:dl ~~,1LII: I ~~
1

~

051

::1 
1un ~:~~:~1~(~:,=~~ 1~:;~~~~:~~~~:d 1 ~~,1c1e: 1 ~~:~:

710

:1 
!i .----------------------,,,---------, 

! "227"/$.ccls. and (driver with (first or second))! US-
: and (gear with (first or second)) and jaw and ! PGPUB; ! 

! shaft--------------------------------------------------------------------------------------------- j USPAT __ ! _ 
: 128/898.ccls. and ((staples or fastener) with I US-

i,,',,,_ (array or row)) and jaw and gear I PGPUB· i 
! USPAT: ! 
! EPO· '! 

, ________________________________________________________________________________________________________ JJPO, ______ I 

IDD f;~~~g:~;~wi~~~~sl~~~~:~,·~~r)~i
th

l ~~:1CI[ I ~~
1

~o

7

1~~1 
ILJ3 i[J! (surgical and remote and control and drive I US- DIOFF l2012108/23i 
i I ! and effector and shaft and gear and I PGPUB; ! i 13:06 : !I: transmission_ and __ rotary) .elm. ______________________________________ __! _USPAT __ ! _ __ _________________ ! __________________________ I 

1,:~',r57 ~~~;;~r.~~sd~8Z ~~~.~:r ~~o~~.f.~nd I ~B; ,roo- i[_o_,,,F,,F,,,,,,,,,,,,1,, ~---~---~ __ i __ 6_/,,0 ___ 8_,,/,,2,,3 ___ 1,_ L ...... JL ________ _J gear_ and_ transmission_ and __ rotary-------------------------------I _USPAT __ IL ___________________ J 

IDD ~~~~~:;~d~~~t~i~~,:~ii~~:;~~or I ~~;1.DD::1 
l[S86 jf95 II"606"/$.ccls. and surgical and (remote or IIus- ilOR ilOFF II2012/08/23j 
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i 1, I robot$2) and control and drive and effector ! PGPUB· ! ! 13: 13 I , ! and shaft and gear and transmission and I USPAT, I . ! . 
I ________ J ____________ _: rotary __________________________________________________________________________________________ J _________________ : ------------------------: _________________ j --------------------------: 
Irsi7101 llS86 not S85 I US- :DR r)FF 12012108/23! 
! ! ! ! PGPUB; ! ! ! 13: 13 ! 
! I _J ____ __ ____ __ __ ___________________ J us~~I...: ______________ ___: ______ j : 
1888. 180 ("4281447 I "4332066 I "4486928 I ! US- OR ! OFF ! 2012/08/23! 
I "4500065" "4512709" "4706372" ! PGPUB; i ! 13:17 i 
! "4710093" "4793053" "4809747" ! USPAT; ! ! ! 
I "4830569" "4832198" "4943939" !usocR : ! : 
! "4979949" "4996975" "5018266" ! ! ! ! 
I "5018140" "5143453" "5154717" ! : ! : 
I "5114300" "5211003" "5221283" ! : ! : 
I "5236432" "5255429" "5257998" ! : ! : 
I "5211384" "5294209" "5305203" ! : ! : 
I "5312212" "5313935" "5343385" ! : ! : 
I "5354314" "5355743" "5359993" ! : ! : 
! "5372147" "5397323" "5399951" ! ! ! ! 
I ,, 5400261" ,, 5402801" ,, 5403319" ! : ! : 
I "5411210" "5421091" "5451368" ! : ! : 
I "5649956" "5697939" "5762458" ! : ! : 
I "5792135" "5800423" "6132368").PN. OR I I ! I 
! ,__________ (" 6331_ 1 81_") . U RPN. _____________________________________________________________ __! ______________________ ___: _________________ j ________________________ __: 

12/3/201211:41:40 AM 
C:\ Users\ bnash\ Documents\ EAST\ Workspaces\ 13369609_CON_ss w robotic cntrllr and 
transmission unit and articulating end effector.wsp 
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