
(12) STANDARD PATENT
(19) AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2006233261 B2

(54)

(51)

(21)

(30)

(31)

(43)
(43)
(44)

(71)

(72)

(74)

(56)

Title
Articulation joint with improved moment arm extension for articulating an end effector 
of a surgical instrument

International Patent Classification(s)
A61B 17/00 (2006.01)
A61B 17/068 (2006.01)

A61B 17/072 (2006.01)
A61B 17/28 (2006.01)

Application No: 2006233261 (22) Date of Filing: 2006.10.30

Priority Data

Number 
11/270305

(32) Date
2005.11.09

(33) Country
US

Publication Date: 
Publication Journal Date: 
Accepted Journal Date:

2007.05.24
2007.05.24
2012.03.22

Applicant(s)
Ethicon Endo-Surgery, Inc.

Inventor(s)
Shelton IV, Frederick E.;Swayze, Jeffrey S.

Agent / Attorney
Freehills Patent & Trade Mark Attorneys, Level 43 101 Collins Street, Melbourne, VIC, 
3000

Related Art
WO 2002/007608 
US 5609285
US 2003/0114838
US 5791231
US 2005/0165415
US 6913613



20
06

23
32

61
 

30
 O

ct
 2

00
6 ABSTRACT OF THE DISCLOSURE

An articulation joint for use in connection with a surgical instrument that has a portion 

that must be passed through a trocar or similar structure and then articulated relative to another 

portion of the instrument received within the trocar. Various embodiments of the articulation 

joint provide structures for increasing the moment arm between the actuator and the pivot point 

between the proximal and distal tube segments interconnecting a handle assembly of the surgical 

instrument to a surgical implement such as an end effector of an endocutter.
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6 Australia

Patents Act 1990

COMPLETE SPECIFICATION 
STANDARD PATENT

P/00/011 
Regulation 3.2

Invention Title: Articulation joint with improved moment arm extension for 
articulating an end effector of a surgical instrument

The following statement is a full description of this invention, including 
the best method of performing it known to us:
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ARTICULATION JOINT WITH IMPROVED MOMENT ARM EXTENSION FOR

ARITCULATING AN END EFFECTOR OF A SURGICAL INSTRUMENT

FIELD OF THE INVENTION

The present invention relates in general to surgical instruments that are suitable for 

5 endoscopically inserting an end effector (e.g., endocutter, grasper, cutter, staplers, clip applier, 

access device, drug/gene therapy delivery device, an energy device using ultrasound, RF, laser, 

etc.) and, more particularly, although not exclusively, to endocutters with articulating end 

effectors.

BACKGROUND OF THE INVENTION

0 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. 

Generally, these endoscopic surgical instruments include an "end effector", a handle assembly 

and a long shaft that extends between the end effector and the handle assembly. The end effector 

is the portion of the instrument configured to engage the tissue in various ways to achieve a

5 desired 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.). The end effector and the shaft portion are sized to be inserted through a trocar placed into 

the patient. The elongated shaft portion enables the end effector to be inserted to a desired depth 

and also facilitates some rotation of the end effector to position it within the patient. With

20 judicious placement of the trocar and use of graspers, for instance, through another trocar, often 

this amount of positioning is sufficient. Surgical stapling and severing instruments, such as those 

described in U.S. Pat. No. 5,465,895, are an example of an endoscopic surgical instrument that 

successfully positions an end effector by insertion and rotation.

2



20
06

23
32

61
 

30
 O

ct
 2

00
6 Depending upon the nature of the operation, it may be desirable to further adjust the 

positioning of the end effector of an endoscopic surgical instrument. In particular, it is often 

desirable to orient the end effector at an angle relative to the longitudinal axis of the shaft of the 

instrument. The transverse or non-axial movement of the end effector relative to the instrument 

shaft is often conventionally referred to as "articulation". This articulated positioning permits the 

clinician to more easily engage tissue in some instances, such as behind an organ. In addition, 

articulated positioning advantageously allows an endoscope to be positioned behind the end 

effector without being blocked by the instrument shaft.

Approaches to articulating a surgical stapling and severing instrument tend to be 

complicated by integrating control of the articulation along with the control of closing the end 

effector to clamp tissue and fire the end effector (i.e., stapling and severing) within the small 

diameter constraints of an endoscopic instrument. Generally, the three control motions are all 

transferred through the shaft as longitudinal translations. For instance, U.S. Pat. No. 5,673,840 

discloses an accordion-like articulation mechanism ("flex-neck") that is articulated by selectively 

drawing back one of two connecting rods through the implement shaft, each rod offset 

respectively on opposite sides of the shaft centerline. The connecting rods ratchet through a 

series of discrete positions.

Another example of longitudinal control of an articulation mechanism is U.S. Pat. No. 

5,865,361 that includes an articulation link offset from a camming pivot such that pushing or 

pulling longitudinal translation of the articulation link effects articulation to a respective side. 

Similarly, U.S. Pat. No. 5,797,537 discloses a similar rod passing through the shaft to effect 

articulation. Still other examples of articulatable surgical stapling devices are disclosed in U.S. 

Patent Nos. 6,250,532 and 6,644,532.

3
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12 Due to the types of end effector firing systems commonly employed, the actuator

arrangements for articulating the end effector must often generate high amounts of torque to

bend the firing structure. This problem is exacerbated by the lack of available space for

accommodating actuating devices that are large enough to generate those required forces.

5 Consequently, a significant need exists for an articulating surgical instrument that

incorporates an articulation mechanism that can generate the torque necessary to selectively 

articulate the end effector thereof in a desired manner.

BRIEF SUMMARY OF THE INVENTION

Reference to any prior art in the specification is not, and should not be taken as, an 

[0 acknowledgment or any form of suggestion that this prior art forms part of the common general 

knowledge in Australia or any other jurisdiction or that this prior art could reasonably be 

expected to be ascertained, understood and regarded as relevant by a person skilled in the art.

In accordance with one aspect of the present invention there is provided a surgical 

instrument, comprising: a handle assembly; an elongated tube assembly coupled to said handle 

15 assembly, said elongated tube assembly comprising: a proximal tube segment attached to said 

handle assembly, said proximal hollow tube segment having a proximal wall; and a distal tube 

segment pivotally attached to said proximal tube segment and being selectively pivotable 

between a position wherein said distal tube segment is in substantial axial alignment with said 

proximal tube segment and positions wherein said distal tube segment is not substantially axially 

20 aligned with said proximal tube segment, said distal tube segment having a distal wall; an 

actuator assembly supported by at least one of said proximal and distal tube segments and being 

coupled to at least one portion of one of said proximal and distal walls such that, upon actuation 

of said actuator assembly, said portion of one of said proximal and distal walls is pivoted out of 

substantial axial alignment with a corresponding portion of one of said proximal and distal walls 

25 to cause said distal tube segment to articulate out of substantial axial alignment with said 

proximal tube segment; and a surgical implement attached to said distal tube segment; wherein 

said at least one portion of one of said proximal and distal walls comprises: a first wall segment 

pivotally coupled to a remaining portion of said proximal wall and being selectively pivotable 

between a position wherein said first wall segment is substantially axially aligned with said 

30 remaining portion of said proximal wall and positions wherein said first wall segment is not
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substantially axially aligned with said remaining portion of said proximal wall; a second wall 

segment pivotally coupled to said first wall segment and being attached to said actuator 

assembly, said second wall segment being selectively pivotable between another position 

wherein said second wall segment is substantially axially aligned with said first wall segment 

5 and said remaining portion of said proximal wall and other positions wherein said second wall 

segment is not substantially axially aligned with said first wall segment; a third wall segment 

pivotally coupled to another portion of said remaining portion of said proximal wall and being 

selectively pivotable between a position wherein said third wall segment is substantially axially 

aligned with said another portion of said remaining portion of said proximal wall and positions 

0 wherein said third wall segment is not substantially axially aligned with said another portion of 

said remaining portion of said proximal wall; and a fourth wall segment pivotally coupled to said 

third wall segment and being attached to said actuator assembly, said fourth wall segment being 

selectively pivotable between a third position wherein said fourth wall segment is substantially 

axially aligned with said third wall segment and said another portion of said remaining portion of 

5 said proximal wall and other positions wherein said fourth wall segment is not substantially 

axially aligned with said third wall segment.

As used herein, except where the context requires otherwise the term ‘comprise’ and 

variations of the term, such as ‘comprising’, ‘comprises’ and ‘comprised’, are not intended to 

exclude other additives, components, integers or steps.

!0 Also described herein, but not claimed, is a surgical instrument that comprises a handle

assembly and an elongated tube assembly that is coupled to the handle assembly. In one non­

limiting embodiment, the elongated tube assembly comprises a proximal tube segment that is 

attached to the handle assembly and a distal tube segment that is pivotally coupled to the 

proximal tube segment by a pivot pin. An actuator is supported by one of the proximal and distal 

25 tube segments and has an extendable and retractable actuation rod. A moment arm rod is coupled 

to the actuation rod and slidably extends through an opening in the pivot pin such that by 

extending and retracting the actuation rod, the distal tube segment is pivoted about the pivot pin 

relative to the proximal tube segment. A surgical implement is attached to the distal tube 

segment.

5
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12 Further described herein, but not claimed, is a method of performing a surgical procedure 

through a trocar installed in a patient. One form of the method comprises providing a surgical 

instrument that has a handle assembly and a manipulatable surgical implement articulatably 

attached to the handle assembly by a tube assembly. The tube assembly includes a proximal tube 

5 segment that is attached to the handle assembly. The proximal tube segment is sized to permit 

the proximal tube segment to axially pass through the trocar. The tube assembly further 

comprises a distal tube segment that is attached to the surgical implement and is pivotally 

coupled to the proximal tube segment for selective pivotal travel about a pivot axis. The distal 

tube segment is sized to permit the distal tube segment to axially pass through the trocar. An 

0 actuator is supported by one of the proximal and distal tube segments. The actuator has a 

selectively extendable and retractable actuation rod

5A
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6 wherein a portion of the actuation rod is attached to the other of the proximal and distal tube 

segments at a point of attachment to define a moment arm between the pivot axis and the point of 

attachment. The method further comprises substantially coaxially aligning the proximal and 

distal tube segments and passing the surgical implement and the coaxially aligned distal and 

proximal tube segments through the trocar into the patient. The method also comprises 

increasing a length of the moment arm to pivot the distal tube segment and surgical implement 

out of coaxial alignment with the proximal tube segment.

One feature of various embodiments of the present invention is to provide an articulation 

joint that enables the proximal and distal tube segments to be substantially coaxially aligned for 

insertion through a passageway in a trocar and then articulated relative to each other after the 

joint has passed through the trocar. Various embodiments of the articulation joint provide a 

means for increasing the length of the moment arm between the actuator and the pivot point 

between the proximal and distal tube segments such that improved articulation forces may be 

achieved. Accordingly, various embodiments of the invention provide solutions to the 

shortcomings of other articulated surgical instruments that are designed to be passed through a 

trocar or similar structure. Those of ordinary skill in the art will readily appreciate, however, 

that these and other details, features and advantages will become further apparent as the 

following detailed description proceeds.

6



20
06

23
32

61
 

30
 O

ct
 2

00
6 BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings, which are incorporated in and constitute a part of this 

specification, illustrate embodiments of the invention, and, together with the general description 

of the invention given above, and the detailed description of the embodiments given below, serve 

to explain various principles of the various embodiments of the present invention.

FIG. 1 is a partial perspective view of one non-limiting embodiment of a moment arm 

extension arrangement employed in connection with a hydraulically operated endocutter with the 

tube segments thereof in a first substantially coaxially aligned position;

FIG. 2 is another perspective view of the moment arm extension arrangement and 

endocutter of Figure 1 with the tube segments articulated at an angle relative to each other;

FIG. 3 is a partial cross-sectional view of an end effector employed in the endocutter 

depicted in Figures 1 and 2 with the anvil thereof in an open or unclamped position with some of 

the elements thereof omitted for clarity;

FIG. 4 is another cross-sectional view of the end effector of Figure 3 in a closed or clamped 

position with the cutting bar in an extended position;

FIG. 5 is another cross-sectional view of the end effector of Figures 3 and 4 showing tissue 

after being cut and stapled therein;

FIG. 6 is an exploded perspective view of the end effector depicted in Figures 1-5;

FIG. 7 is another exploded assembly view of the end effector and a staple cartridge;

7
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6 FIG. 8 is a plan view of a staple cartridge installed in an end effector depicted in Figures 6 

and 7;

FIG. 9 is a cross-sectional end view illustrating the end effector inserted into a trocar 

passageway;

FIG. 10 is a perspective view of a cartridge installed in an end effector with the anvil 

thereof in an open or unclamped position;

FIG. 11 is a schematic depiction of one hydraulic system embodiment of the present 

invention;

FIG. 12 is a partial cross-sectional view of one embodiment of an articulation joint of the 

present invention wherein the distal tube segment is substantially coaxially aligned with the 

proximal tube segment;

FIG. 12A is another partial cross-sectional view of the articulation joint embodiment of 

FIG 12, with some of the element numbers omitted for clarity and to illustrate the actuator 

moment arm when the distal and proximal tube segments are substantially coaxially aligned;

FIG. 13 is another partial cross-sectional view of the articulation joint of FIG. 12 wherein 

the distal tube segment is not substantially coaxially aligned with the proximal tube segment;

FIG. 13A is another partial cross-sectional view of the articulation joint embodiment of 

FIG 12A, with some of the element numbers omitted for clarity and to illustrate the actuator 

moment arm when the distal and proximal tube segments are not substantially coaxially aligned;

8
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6 FIG. 14 is a partial perspective view of the articulation joint embodiment of the present 

invention;

FIG. 15 is a partial perspective view of the articulation joint depicted in Figure 14;

FIG. 16 is a partial cross-sectional view of another articulation joint of the present 

invention in an articulated position;

FIG. 17 is a partial cross-sectional view of another articulation joint of the present 

invention in an articulated position;

FIG. 18 is a partial perspective view of the articulation joint of FIG. 17 wherein the distal 

and proximal tube segments are substantially coaxially aligned;

FIG. 19 is a partial perspective view of the articulation joint depicted in FIG. 17 in an 

articulated position;

FIG. 20 is a schematic view of another hydraulic system embodiment that may be 

employed with various embodiments of the present invention;

FIG. 21 is a partial cross-sectional view of another articulation joint embodiment of the 

present invention with the distal tube segment articulated relative to the proximal tube segment; 

and

FIG. 22 is a partial cross-sectional view of the articulation joint of Figure 21 with the distal 

tube segment and the proximal tube segment in coaxial alignment.

9
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6 DETAILED DESCRIPTION OF THE INVENTION

Turning to the Figures, wherein like numerals denote like components throughout the 

several views, FIGS. 1 and 2 depict one embodiment of a surgical instrument 10 that is capable 

of practicing the unique benefits of the present invention. As can be seen in Figures 1 and 2, the 

instrument 10 includes a handle assembly 200 and a surgical implement portion 12. As used 

herein, the term “surgical implement” refers to a component or set of components configured to 

engage tissue to accomplish.a surgical task. Examples of surgical implements include, but are 

not limited to: endocutters, graspers, clamps, cutters, staplers, clip appliers, probes or access 

devices, drug/gene therapy delivery devices, energy devices such as ultrasound, RF, or laser 

devices, etc.

In the non-limiting embodiment depicted in the Figures, the surgical instrument 10 includes 

a hydraulically actuated end effector 22 and handle arrangement 200 of the type disclosed in the 

U.S. Patent Application Serial No.________ , entitled “SURGICAL INSTRUMENT HAVING

A HYDRAULICALLY ACTUATED END EFFECTOR” to Frederick E. Shelton IV and Jerome 

R. Morgan, that was filed on even date herewith and which is commonly owned with the present 

application and which the disclosure thereof is hereby incorporated by reference in its entirety. 

As the present Detailed Description proceeds, however, the skilled artisan will readily appreciate 

that the unique and novel features of the various embodiments of the present invention may also 

be employed in connection with electrically actuated or pneumatically actuated end effectors. 

Thus, the various embodiments of the present invention may be advantageously employed in 

connection with a variety of surgical implements other than the exemplary embodiment depicted 

in the Figures without departing from the spirit and scope of the present invention. Accordingly, 

the scope of protection afforded to the various embodiments of the present invention should not

10



20
06

23
32

61
 

30
 O

ct
 2

00
6 be limited to use only with the specific type of surgical implements specifically described herein.

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 

material 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.

Figures 3-10 show views of one type of end effector 22 configured to perform clamping, 

severing and stapling of tissue according to various embodiments the present invention. In one 

embodiment, the end effector 22 has a body portion 24 that is provided with an elongate channel 

26 for receiving a staple cartridge 60 therein. An anvil 28 is coupled to the body portion 24 and 

is capable of being selectively pivoted toward and away from cartridge 60 mounted in the 

elongate channel 26. Figures 3 and 10 illustrate the anvil 28 in an open position and Figures 4 

and 5 illustrate the anvil 28 in a closed position. The anvil 28 may be closed hydraulically and 

returned to its open position by an energy storing device such as a spring 23. As can be seen in 

Figures 3-5, an actuation bladder 40 may be strategically mounted below a portion of the anvil 

28 such that when the bladder 40 is inflated with a pressurized fluid or air, it biases the anvil 28 

to its open position. A supply line 42 is coupled to the bladder 40 for supplying pressurized fluid 

from a reservoir 232 as will be described in further detail below. In alternative non-limiting 

embodiments, an additional hydraulic cylinder or cylinder(s) may be advantageously employed

11
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6 to open and close the anvil. Still in other non-limiting embodiments, the anvil 28 may be opened 

and closed by slidable action of a distal tube segment 410 attached thereto.

One type of cartridge that may be used with such end effector is also depicted in Figures 3- 

10. The staple cartridge 60 has a cartridge body 62 that is divided by an elongated cutting slot 64 

that extends from a proximal end 65 of the cartridge 60 toward a tapered outer tip 66. See Figure 

10. A plurality of staple-receiving channels 68 are formed within the staple cartridge body 64 

and are arranged in spaced longitudinal rows 69 on each side of the elongated cutting slot 64. 

Positioned within the staple-receiving channels are staple drivers 70 that each support one or 

more staples 72 thereon. The staples 72 are advanced or “fired” by moving their respective 

drivers 70 in an upward direction toward the anvil 28.

Figure 10 depicts a three dimensional view of the end effector 22 in an open position with a 

staple cartridge 60 installed in the elongate channel 26. On a lower surface 30 of the anvil 28, a 

plurality of staple-forming pockets 32 are arrayed to correspond to each staple receiving channel 

68 in the cartridge body 62 when the cartridge 60 is installed in the end effector 22. More 

specifically, each forming pocket 32 in the anvil 28 may correspond to an individual staple 72 

located within the staple cartridge 60. The staple cartridge 60 may be snap-fit into the elongate 

channel 26. For example, extension features 63 of the staple cartridge 60 engage recesses 27 

(shown in FIG. 6) of the elongate channel 26.

In one embodiment, the staple drivers 70 are driven in an “upward” (toward the anvil 28) 

direction by a series of hydraulically actuated bladders 90, 92, 94, 96, 98, 100 situated within the 

elongated slot 26 of the end effector 22 and arranged such that when the bladders 90, 92, 94, 96, 

98,100 are inflated, they drive or “fire” the corresponding drivers 70 and their respective staples

12
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6 72 toward the anvil 28. As the ends of the staple legs contact the corresponding staple-forming 

pockets 32 in the anvil 28, they are bent over to close the staple 72. Various firing arrangements 

are disclosed in the abovementioned patent application entitled “SURGICAL INSTRUMENT 

HAVING A HYDRAULICALLY ACTUATED END EFFECTOR” which has been herein 

incorporated by reference. Pressurized fluid or air is supplied to the bladders 90, 92,94, 96, 98, 

100 through a series of supply lines as shown in Figures 6 and 11.

Also in one embodiment, to facilitate cutting of tissue 8 clamped in the end effector 22, a 

hydraulically actuated cutting bar 110 is operatively mounted within the elongated channel 26 

and arranged to be received within the elongated slot 64 in the cartridge body 62 when the 

cartridge 60 is mounted within the end effector 22. The cutting bar 110 extends longitudinally 

along the elongate slot 64 and is mechanically coupled to or otherwise supported on a support 

bar 111 which is attached to a hydraulic cutting bladder 102. By introducing a pressurized fluid 

or air into the cutting bladder 102, the cutting bar 110 is forced upward (represented by arrow A 

in Figure 4) thereby causing the cutting bar 110 to sever the tissue 8 that is clamped between the 

anvil 28 and the cartridge 60. After the cutting bar 110 has severed the tissue 8, the pressurized 

fluid is permitted to exit the cutting bladder 102 to thereby permit the bladder 102 to deflate and 

permit the cutting bar 110 to move downward (arrow “B” in Figure 3) to its retracted or unfired 

position. Pressurized fluid or air is supplied to the cutting bladder 102 by supply line 256.

As can be seen in Figures 1 and 2, the handle assembly 200 may house a hydraulic system 

generally designated as 210 for controlling the operation of the end effector 22. One 

embodiment of a hydraulic system 210 that may be employed to control the end effector 22 is 

depicted in schematic form in Figure 11. In this non-limiting embodiment, a conventional 

hydraulic pump assembly 230 that includes a fluid reservoir 232 is employed to supply

13
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6 pressurized fluid to the various bladders. In one embodiment, the pump 230 is powered by a 

battery 234 supported within the handle assembly 200. However, the pump 230 could also be 

powered by other means, such as by alternating current or by a mechanical actuator. The pump 

230 may be fluidically coupled to the reservoir 232 by supply line 236 that may have a 

conventional check valve 238 therein. See Figure 11. As used herein, the term “fluidically 

coupled” means that the elements are coupled together with an appropriate supply, return, 

discharge, etc. line or other means to permit the passage of pressurized fluid medium, air, etc. 

therebetween. As used herein, the term “line” as used in “supply line”, “discharge line” or 

“return line” refers to an appropriate fluid passage formed from conduit, pipe, tubing, etc. for 

transporting pressurized fluid, air, etc. from one component to another.

In one embodiment, a discharge line 240 attached to the discharge port 231 of the pump 

230 is piped to a manifold 242 that has designated supply lines for each bladder coupled thereto. 

For example, in the embodiment depicted in Figure 11, a supply line 244 is coupled to bladder 

90 and has a control valve 260 therein for controlling the flow of pressurized fluid through the 

line 244 to bladder 90. Supply line 246 is coupled to bladder 92 and has a control valve 262 

therein. Supply line 248 is coupled to bladder 94 and has a control valve 264 therein. Supply 

line 250 is coupled to bladder 96 and has a control valve 266 therein. Supply line 252 is coupled 

to bladder 98 and has a control valve 268 therein. Supply line 254 is coupled to bladder 100 and 

has a control valve 270 therein. Supply line 256 is coupled to cutting bladder 102 and has 

control valve 272 therein. Supply line 42 is coupled to the anvil bladder 40 and the supply line 

240 by line 241. A supply valve 274 is provided in line 241 for controlling the flow of 

pressurized fluid thereto and a return valve 276 is provided to permit the fluid to return from the 

bladder 40 into the manifold line 242 and through a return line 259’ that is attached to the

14
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6 manifold 242 and the reservoir 232. As can be seen in Figure 11, the return line 259’ may have a 

return valve 278 therein. Valves 262, 264, 266, 268, 270, 272, 274, 276, 278 comprise a valve 

unit, generally designated as 280. In various non-limiting embodiments, the valves 262, 264, 

266,268,270,272,274,276,278 may each comprise electrically actuated valves, such as, for 

example, piezo valves or Electro Active Polymer (EAP) valves which may be configured in 

response to an electrical signal. However, other suitable valve and valve arrangements could be 

employed.

The above-described valves may be operated by a control circuit 300 in response to input 

received from input buttons, such as buttons 308, 310, 312, 314, and/or 316 located on handle. 

The control circuit may also be powered by the battery 234 and comprise a suitable circuit 

capable of generating signals for configuring valve unit 280 in response to input from buttons 

308, 310, 312,314, 316 and/or from other portions of the handle such as a closure trigger 206 

and/or a firing trigger 208 that are pivotally coupled thereto. In one non-limiting embodiment, 

the control circuit 300 may include a microprocessor and other related components including 

Random Access Memory (RAM), Read Only Memory (ROM), etc. In other non-limiting 

embodiments, the control circuit 300 may include various logical circuit elements.

As can be seen in Figures 1 and 2, in one non-limiting embodiment, the handle assembly 

200 of the instrument 10 includes a pistol grip 204 that includes a closure trigger 206 that is 

pivotally attached thereto to commence closure of the anvil 28. In one embodiment, a closure 

trigger sensor 205 is employed to sense when the closure trigger 206 has been pivoted to the 

closed position. The closure trigger sensor 205 communicates with the control circuit to open 

the return valve 276 and return valve 278 and close supply valve 274 to permit the pressurized 

fluid to return from the anvil bladder 28 into the reservoir 232. The anvil 28 is then pivoted to

15
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6 the closed position by the return spring 23. The closure trigger 206 may be retained in the closed 

position by a release button latch arrangement 36 of the type disclosed U.S. Patent No. 6,905,057 

to Jeffery S. Swayze and Frederick E. Shelton, IV entitled SURGICAL STAPLING 

INSTRUMENT INCORPORATING A FIRING MECHANISM HAVING A LINKED RACK 

TRANSMISSION, the disclosure of which is herein incorporated by reference in its entirety. 

Another non-limiting embodiment links the closure trigger 206 to the tube assembly 452 and 

causes it to move distally driving distal tube 410 over the end effector assembly 24 closing the 

system.

When the end effector 22 is in the closed position, it may be inserted through the trocar 

490. See Figure 9. To reopen the end effector 22, the release button 36 is pressed to unlatch the 

closure trigger 206 to enable it to pivot away from the firing trigger 208 to an open position. 

When in the open position, the closure trigger sensor 205 signals the control circuit 300 to power 

pump 230 and open supply valve 274 and close return valve 276. Pressurized fluid is then 

pumped into the anvil bladder 40 to pivot the anvil 28 to the open position. When the clinician 

has oriented the end effector 22 such that the desired tissue is located between the open anvil 28 

and the cartridge 60, the closure trigger 206 is pivoted to the closed position and latched. Valves 

276 and 278 are opened and valve 241 is closed. Valves 276 and 278 are opened for a sufficient 

time to permit the fluid in the anvil bladder 40 to be returned therefrom through the lines 42, 242 

and 259. Thereafter, those valves are closed. As indicated above, the use of the hydraulically 

powered bladder and return spring arrangement described herein is just one type of structure that 

may be employed to open and close the anvil 28. Other anvil control arrangements may be 

employed without departing from the spirit and scope of the present invention and, therefore, the

16
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6 protection afforded to the various embodiments of the present invention should not be limited 

solely to such bladder and return spring arrangement.

Input buttons 308, 310, 312, 314,316 may provide input signals to the control circuit 300 

in any suitable way. In one non-limiting embodiment, each input button 308, 310, 312, 314, 316 

may correspond to a particular valve or valves for controlling the inflation of one or more 

bladders. While five actuation buttons are shown for this non-limiting embodiment, the reader 

will appreciate that other numbers of buttons may be employed. For example, if it is desirable to 

only actuate one stapling bladder at a time, a separate actuation button for each bladder may be 

provided. For example, button 308 may control valve 272 in the cutter supply line 256. By 

actuating that valve 272, pressurized fluid supplied by the pump 230 into the manifold 242 is 

permitted to flow through the supply line 256 into the cutting bladder 102. Likewise, if actuator 

button 310 is used to control valves 260, 262, activating the button 310 will cause the stapling 

bladders 90 and 92 to inflate and fire their corresponding staples 72. Multiple buttons may be 

selected to create firing patterns including more than one implement. In other non-limiting 

embodiments, each input button 308, 310, 312, 314, 316 may represent a pre-determined firing 

order and/or pattern. For example, selecting a button 308, 310, 312, 314, 316 may cause the 

control circuit 318 to configure the valve unit 304 such that hydraulic devices corresponding to 

particular surgical implements are fired when the firing trigger 28 is depressed. It will be 

appreciated that various embodiments may have more or fewer input buttons than are shown. In 

one embodiment, a firing trigger 208 is pivotally attached to the handle 200 outboard of the 

closure trigger 206 and one or more firing sensors (not shown) may be positioned to detect the 

position of the firing trigger. The firing sensors would then communicate with the control circuit
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6 300 to control the various valves to permit pressurized fluid to flow to the various staple bladders 

to achieve a desired firing sequence.

In various non-limiting embodiments, the valve unit 280 may be configured to introduce a 

delay to the driving of one or more surgical implements included in the end effector 12. For 

example, it may be desirable to drive a cutting implement and then delay for a predetermined 

time before driving one or more zones of a stapling implement. The delay may be accomplished 

according to any suitable method. In one non-limiting embodiment, the control circuit 300 may 

configure the valve unit 280 to open a path for hydraulic fluid between the hydraulic pump 230 

and a first surgical implement included in the end effector 12. When the firing trigger 28 is 

actuated, the pump 302 may generate pressurized hydraulic fluid, which drives the first surgical 

implement. The control circuit 300 may sense when the first surgical implement is driven (e.g., 

by sensing the position of the firing trigger 208) and begin a timer that counts off a 

predetermined delay time. At the expiration of the predetermined delay time, the control circuit 

318 may configure the valve unit 280 to provide the pressurized hydraulic fluid to a second 

surgical implement. Hydraulic pressure generated at the actuation of the firing trigger 208 may 

be sufficient to drive the second surgical implement, or in various embodiments, the hydraulic 

pump 230 may be utilized to generate additional hydraulic pressure.

As can be seen in Figures 1,2, 12 and 13, the end effector 22 may be attached to the handle 

assembly 200 by an articulating joint assembly, generally designated as 400. In one non-limiting 

embodiment, the articulating joint assembly 400 includes a distal tube segment 410 that has a 

distal end 412, a proximal end 414, and a distal axis H-H (shown in Figure 13). The distal end 

412 is mechanically (e.g., rigidly or slidably connected-depending upon the anvil closure 

arrangement used) coupled to the end effector body 24. The joint assembly 400 further includes
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6 a proximal tube segment 450 that has a proximal end 452, a distal end 454, and a proximal axis 

I-I. The proximal end 452 is mechanically attached to the handle assembly 200. In one 

embodiment, for example, the proximal end 452 may be attached to the handle assembly 200 by 

an internal channel retainer that is grounded to the handle assembly. However, other mechanical 

fastening arrangements could be employed. In one embodiment, the distal tube segment 410 is 

hollow or has a hose-receiving passage 416 therethrough. Likewise, the proximal tube segment 

450 is hollow or has a hose-receiving passage 456 therethrough.

As can be seen in Figures 1,14 and 15, the proximal end 414 of the distal tube segment 410 

is pivotally coupled to the distal end 454 of the proximal tube segment 450 for pivotal travel 

about a pivot axis C-C between a position wherein the distal tube segment 410 is substantially 

coaxially aligned with the proximal tube segment 450 (i.e., wherein axes H-H and I-I are 

substantially coaxially aligned) and positions wherein they are not substantially coaxially 

aligned. In one non-limiting embodiment, for example, the proximal end 414 of the distal tube 

segment 410 has a yoke assembly 420 formed thereon that has first and second leg portions 422, 

424. See Figure 2. The distal end 454 of the proximal tube segment 450 has a tongue portion 

460 protruding therefrom that is sized to be received between the legs 422,424 of the yoke 420. 

A pin 462 extends through holes in the legs 422,424 of the yoke 420 and the tongue 460 to 

pivotally couple the tongue 460 to the yoke 420 for pivotal travel about axis C-C. The pin 262 

may be retained in the legs of the yoke by threads, glue, interference fit, etc. In other non­

limiting embodiments, the pin 462 may have flanged ends. In one non-limiting embodiment, the 

tongue 460 is mechanically fastened within the distal end 454 of the proximal tube segment 450 

by screws, pins, glue, etc.
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When pivotally attached together as described above, the proximal and distal tube segments 

410, 450 form a tube assembly 470 that has a passageway 472 or passageways for supporting the 

supply lines (collectively designated as 480) between the end effector 22 and the handle 200. It 

will be appreciated that the tube assembly 470 has a circumference “C” and shape such that 

when the distal tube 410 segment is coaxially aligned with the proximal tube segment 450, the 

tube assembly 470 may be inserted through the passageway 492 in a trocar 490. See Figure 9. 

In one embodiment, the first and second tube segments 410, 450 have a round cross-sectional 

shape and are sized to be axially inserted through a round trocar passageway 492. The outer 

diameters of each the distal tube segments 410, 450 are less than the inner diameter of the trocar 

passageway 492 to facilitate axial insertion of the tube assembly 470 through the trocar passage 

492 and, if desired or necessary, rotation of the tube assembly 470 within the trocar passageway 

492. For example, if the trocar passageway 492 has an inner diameter of approximately 12.8mm 

(0.503 inches), the maximum outer diameter of tube assembly 470 (and of each of the tube 

segments 410,450) may be approximately 12.7mm (0.500 inches). It is conceivable that, for 

applications wherein the ability to rotate the tube assembly 470 within the trocar passageway 492 

is not necessary or desirable, trocars with passageways having non-circular cross-sections could 

be employed. In those cases, the tube assembly would have a cross-sectional shape that would 

facilitate axial insertion of the tube assembly through the trocar passageway and may closely 

resemble the cross-sectional shape of the trocar passageway. Thus, the various embodiments of 

the subject invention should not be limited to devices having a tube assembly with a round cross- 

sectional shape.

To facilitate pivotal manipulation of the surgical implement 12 relative to the proximal tube 

segment 450 after the surgical implement 12 and distal tube segment 410 have been inserted into
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6 the patient through the trocar passageway 492, an actuator assembly, generally designated as 

500, is employed. In addition, to increase the pivotal forces generated by the actuator assembly 

500, at least one, and preferably two pivotal, wall segments 550, 560 are provided to effectively 

lengthen the moment arm of the actuator assembly 500 after the joint assembly 400 has passed 

though the trocar passageway 492 into the patient.

More particularly and with reference to Figures 12 and 13, one non-limiting embodiment of 

the present invention includes a first wall segment 550 that has a proximal end 552 pivotally 

attached to a remaining portion of the wall 451 of the proximal tube segment 450 for selective 

pivotal travel relative thereto. The opposite end 554 of the first wall segment 550 is pivotally 

attached to a second wall segment 560 for selective pivotal travel relative thereto. Figure 12 

illustrates the first and second wall segments 550, 560 in a first non-extended position wherein 

the wall segments 550, 560 do not extend outward beyond the desired circumferential boundary 

of the non-pivoting portions of the tube segments 410,450. Figure 13 illustrates the wall 

segments 550, 560 pivoted to a force generating position wherein the first and second wall 

segments 550, 560 extend outward beyond the circumferential boundary established by the non­

pivoting portions of the first and second tube segments 410,450.

As can be seen in Figures 12 and 13, in one non-limiting embodiment, first and second 

articulation cylinders 510, 520 are employed. First articulation cylinder 510 may comprise a 

conventional hydraulic or pneumatic cylinder that has a first housing 512 that contains a first 

piston 514 therein. A first piston rod or first actuation rod 516 is attached to the first piston 514 

and protrudes out of the first housing 512. Movement of the piston 514 within the first housing 

512 in response to the admission of pressurized fluid or air on one side or the other side of the 

piston 514 causes the first actuation rod 516 to be extended out of the first cylinder housing 512
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6 or into the first cylinder housing 512. A distal end 518 of the first housing 512 is pivotally 

attached to a lug 419 attached to or formed in the wall 418 of the distal tube segment 410. The 

free end 519 of the first actuation rod 516 is pivotally attached to the second wall segment 560. 

To provide the requisite clearance for the first actuation rod 516 when the first and second wall 

segments 550 and 560 are in the non-extended position shown in Figure 12, a slot 559 is 

provided in the second wall segment 550. Also, if necessary, a clearance pocket 415 may be 

provided in the proximal end 414 of the distal tube segment 410 to provide clearance for the first 

cylinder housing 512 to pivot about the pin 417 that affixes the first cylinder housing 512 to the 

lug 419. Thus, when in the non-extended position, no portion of the first articulation cylinder 

510 protrudes outward from the outer circumference of the tube assembly 470 a distance that 

would cause any portion of the first articulation cylinder 510 to prevent or otherwise hinder axial 

insertion of the tube assembly 470 into the trocar passageway 492.

Also in this non-limiting embodiment, the second articulation cylinder 520 may comprise a 

conventional hydraulic or pneumatic cylinder that has a second housing 522 that contains a 

second piston 524 therein. A second piston rod or second actuation rod 526 is attached to the 

second piston 524 and protrudes out of the second housing 522. Movement of the second piston 

524 within the second cylinder housing 522 in response to the admission of pressurized fluid or 

air on one side or the other side of the second piston 524 causes the actuation rod 526 to be 

extended out of the second cylinder housing 522 or into the second cylinder housing 522. The 

second cylinder housing 522 is mechanically attached to the proximal tube segment 450 by 

gluing, pinning, screwing etc. The free end 527 of the second actuation rod 526 is pivotally 

attached to a laterally extending lug 562 formed on the second wall segment 560.
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6 Referring next to Figures 12A and 13 A, the reader may acquire a better appreciation of the 

effectiveness of the various embodiments of the present invention. As can be seen in these 

Figures, the point wherein the end 519 of the first actuation rod 516 attaches to the second wall 

segment 560 is designated as point of attachment “L”. Thus, when the distal tube segment 410 is 

in the unarticulated position (Figure 12A), the moment arm created by the first actuator 510 is 

designated by the distance “M” between the point of attachment “L” and the center of the pivot 

pin 462. As can be seen in Figure 13A, by pivoting the first and second wall segments 550, 560 

out of axial alignment, the moment arm now has been increased to M+ thereby increasing the 

amount of pivotal force generated to pivot the distal tube segment about the pivot pin 462.

The first and second articulation cylinders 510, 520 may be powered by the hydraulic 

system 210 or they may be powered by a separate hydraulic system. Figure 11 depicts one 

method of controlling the first and second articulation cylinders 510, 520. As can be seen in that 

Figure, a supply line 570 is connected to the supply line 240 from the pump 230. A first portion 

572 of the supply line 570 is attached to a first supply port in the first cylinder housing 512 for 

supplying pressurized fluid or air into the first cylinder housing 512 on one side of the first 

piston 514 and a second portion 574 of the supply line 570 is attached to a second supply port in 

the first housing 512 for supplying pressurized fluid or air into the first housing 512 on the other 

side of the first piston 514. A first supply valve 576 is mounted in the first portion 572 of the 

supply line 570 and a second supply valve 578 is mounted in the second portion 574 of the first 

supply line 570. An exhaust or return line 580 is provided to return the pressurized fluid from 

the first housing 512 to the fluid reservoir 232. The return line 580 has a first portion 582 and a 

second portion 584 attached to ports in the first housing 512. A first return valve 586 is mounted
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6 in the first portion 582 of the return line 580 and a second return valve 588 is mounted in the 

second portion 584 of the return line.

The supply line 570 further has a third portion 590 that is coupled to a third supply port in 

the second housing 522 on one side of the second piston 524 and the supply line 570 has a fourth 

portion 592 coupled to a fourth supply port in the second housing 522 on the other side of the 

second piston 524. A valve 596 is mounted in the third portion 590 and another valve 598 is 

mounted in fourth portion 592 of the supply line 570. Another return line 600 is provided to 

permit the pressurized fluid, air, etc. to return to the reservoir 232 from the housing 522 during 

actuation of the cylinder 520. The return line 600 has a third portion 602 attached to a third 

return port in the second housing 522 on one side of the second piston 524 and a fourth portion 

604 of the return line 600 is coupled to a fourth return port in the second housing 522 on the 

other side of the second piston 524. A return valve 606 is provided in the third portion 602 of 

the return line 600 and another return valve 608 is provided in the portion 604 of the return line 

600.

The valves may be controlled by the control circuit 300 or a second control circuit 300’ of 

the type described above that may include a microprocessor and other related components 

including Random Access Memory (RAM), Read Only Memory (ROM), etc. In other non­

limiting embodiments, the control circuit 300’ may include various logical circuit elements. A 

conventional multiposition switch 610 may be connected to the second control circuit 300’ for 

controlling the valves 576, 578, 586, 588, 594, 596, 606, 608.

Figure 12 illustrates the joint assembly in a non-articulated position that would end able the 

tube assembly 470 to be inserted into the trocar. After the surgical implement 12 has be inserted
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6 through the trocar 490 and it becomes desirable to articulate the implement 12, the clinician 

activates the control circuit 300’ through switch 610. Control circuit 300’ activates pump 230 (if 

it has not already been activated) and supply valve 576 is opened to permit pressurized fluid or 

air to flow into the housing 512 to end the actuation rod 519 as shown in Figure 13. Return 

valve 588 is opened to permit pressurized fluid on the opposite side of piston 514 to exit the 

housing through the return line 584. Likewise, valve 594 is opened to permit pressurized fluid to 

flow into the housing 522 on one side of the piston 524 and retract the actuation rod 526 to be 

retracted into the housing 522 as shown in Figure 13. Return valve 608 is opened to permit 

pressurized fluid on the opposite side of the piston 524 to exit the housing 522. Such actuation 

of the articulation cylinders 510, 522 causes the first and second wall segments 550, 560 to pivot 

outward as shown in Figure 13 to effectively increase the moment arm effect of the articulation 

cylinder 510 and thereby increase the articulation force generated thereby.

To return the first and second wall segments 550, 560 to their non-extended positions 

wherein they are substantially aligned with the remaining portions of the tube segments 410 and 

450, the clinician moves the switch 610 to a position to signal the control circuit to close valves 

576 and 588 for the first articulation cylinder 510 and open valves 578 and 586 to permit the 

piston 514 and actuation rod 516 to return to the position illustrated in Figure 12. Likewise 

valves 594 and 608 are closed and valves 596 and 602 are opened to permit the piston 524 and 

actuation rod 526 to return to the position shown in Figure 12. The hydraulic control system 

described above for actuating the articulation cylinders 510, 520, is but one example of a control 

system that may be used. The reader will appreciate that a variety of different control 

arrangements may be employed to activate the articulation cylinders without departing from the 

spirit and scope of the present invention. For example, the articulation cylinders 510, 520 as
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6 described above require the admission of pressurized fluid to move their respective pistons in 

both directions. Other cylinders that employ springs or other mechanisms for returning the 

pistons to a starting position may be employed along with appropriate valve and hydraulic fluid 

supply arrangement that are within the capabilities of the skilled artisan may be employed. It 

will be further appreciated that while the first and second wall segments 550, 560 as described 

herein are pivotally attached to the wall portion 451 of the proximal tube segment 450, in other 

embodiments, the first and second wall segments 550, 560 may be attached to the wall portion 

418 of the distal tube segment 410 without departing from the spirit and scope of the present 

invention. Furthermore, while two pivotal wall segments have been illustrated, other 

embodiments of the present invention may employ only one pivoting wall segment or more than 

two pivoting wall segments.

Figure 16 illustrates a slightly different articulation cylinder arrangement for articulating 

the surgical implement 12 to the right side of the tube assembly 470. At least one version of this 

non-limiting embodiment would operate in the same manner described above.

Figure 17 illustrates a double articulation arrangement for articulating the surgical 

implement 12 to the left or right of the axis of the tube assembly 470. In the manner described 

above, the end effector 22 may be attached to the handle assembly 200 by an articulating joint 

assembly, generally designated as 1400. In one non-limiting embodiment, the articulating joint 

assembly 1400 includes a distal tube segment 1410 that has a distal end 1412 and a proximal end 

1414. The distal end 1412 is mechanically coupled to the end effector body 24. Depending 

upon the anvil closure arrangement employed, the distal end 1412 may be non-movably attached 

to the end effector body or by a cable, flexible member or pivotable member. The joint assembly 

1400 further includes a proximal tube segment 1450, that has a proximal end 1452 and a distal
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6 end 1454. The proximal end 1452 is mechanically attached to the handle assembly 200. In one 

embodiment, the distal tube segment 1410 is hollow or has a hose-receiving passage 1416 

therethrough. Likewise, the proximal tube segment 1450 is hollow or has a hose-receiving 

passage 1456 therethrough.

The proximal end 1414 of the distal tube segment 1410 is pivotally coupled to the distal 

end 1454 of the proximal tube segment 1450 for pivotal travel about a pivot axis G-G. In one 

non-limiting embodiment, for example, the proximal end 1414 of the distal tube segment 1410 

has a yoke assembly 1420 formed thereon that has first and second leg portions 1422, 1424. See 

Figure 2. The distal end 1454 of the proximal tube segment 1450 has a tongue portion 1460 

protruding therefrom that is sized to be received between the legs 1422,1424 of the yoke 1420. 

A pin 1462 extends through holes in the legs 1422, 1424 of the yoke 1420 and the tongue 1460 

to pivotally couple the tongue 1460 to the yoke 1420 for pivotal travel about axis G-G. The pin 

1462 may be retained in the legs 1422, 1424 of the yoke 1420 by threads, glue, etc. In other non­

limiting embodiments, the pin 1462 may have flanged ends. In one non-limiting embodiment, 

the tongue 1460 is mechanically fastened within the distal end 1454 of the proximal tube 

segment 1450 by screws, pins, glue, etc.

When pivotally attached together as described above, the proximal and distal tube segments 

1410,1450 form a tube assembly 1470 that has a passageway 1472 or passageways for 

supporting the supply lines (collectively designated as 480) between the end effector 22 and the 

handle 200. It will be appreciated that the tube assembly 1470 has a circumference “C” and 

shape such that when the distal tube 1410 segment is coaxially aligned with the proximal tube 

segment 1450, the tube assembly 1470 may be inserted through the passageway 492 in a trocar 

490. In one embodiment, the first and second tube segments 1410, 1450 have a round cross-
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6 sectional shape and are sized to be axially inserted through a round trocar passageway 492. The 

outer diameters of each the distal tube segments 1410,1450 are less than the inner diameter of 

the trocar passageway 492 to facilitate axial insertion of the tube assembly 1470 through the 

trocar passage 492 and, if desired or necessary, rotation of the tube assembly 1470 within the 

trocar passageway 492. For example, if the trocar passageway 492 has an inner diameter of 

approximately 12.8mm (0.503 inches), the maximum outer diameter of tube assembly 1470 (and 

of each of the tube segments 410, 450) may be approximately 12.7mm (0.500 inches). It is 

conceivable that, for applications wherein the ability to rotate the tube assembly 1470 within the 

trocar passageway 492 is not necessary or desirable, trocars with passageways having non­

circular cross-sections could be employed. In those cases, the tube assembly would have a cross- 

sectional shape that would facilitate axial insertion of the tube assembly through the trocar 

passageway and may closely resemble the cross-sectional shape of the trocar passageway. Thus, 

the various embodiments of the subject invention should not be limited to devices having a tube 

assembly with a round cross-sectional shape.

To facilitate pivotal manipulation of the surgical implement 12 relative to the proximal tube 

segment 1450 after the surgical implement 12 and distal tube segment 1410 have been inserted 

into the patient through the trocar passageway 492, an actuator assembly, generally designated as 

1500, is employed. This embodiment includes at least one left pivotal wall segment and at least 

one right pivotal wall segment. In the embodiment depicted in Figures 17 and 18, a left pair 

1600 of wall segments 1610 and 1620 and aright pair 1700 of wall segments 1710 and 1720 are 

provided. The first left wall segment 1610 has a proximal end 1612 pivotally attached to a 

remaining portion of the wall 1451 ofthe proximal tube segment 1450 for selective pivotal travel 

relative thereto. The opposite end 1614 of the first left wall segment 1610 is pivotally attached
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6 to a second left wall segment 1620 for selective pivotal travel relative thereto. Figure 18 

illustrates the first and second left wall segments 1610, 1620 in a first non-extended position 

wherein the wall segments 1610, 1620 do not extend outward beyond the desired circumferential 

boundary of the non-pivoting portions of the tube segments 1410, 1450. Figure 19 illustrates the 

wall segments 1610, 1620 pivoted to a force generating position wherein the first and second 

wall segments 1610, 1620 extend outward beyond the circumferential boundary established by 

the non-pivoting portions of the first and second tube segments 1410, 1450 such that the surgical 

implement 12 is articulated to the right relative to the axis of the tube assembly 1470.

Similarly, this embodiment also includes a pair 1700 of right wall segments 1710 and 1720. 

The first right wall segment 1710 has a proximal end 1712 pivotally attached to a remaining 

portion of the wall 1451 of the proximal tube segment 1450 for selective pivotal travel relative 

thereto. The opposite end 1714 of the first right wall segment 1710 is pivotally attached to a 

second right wall segment 1720 for selective pivotal travel relative thereto. Although not 

illustrated, the reader will understand that the first and second right wall segments 1710, 1720 

are pivotable from a first non-extended position wherein the wall segments 1710, 1720 do not 

extend outward beyond the desired circumferential boundary of the non-pivoting portions of the 

tube segments 1410, 1450. Figure 17 illustrates the wall segments 1710, 1720 pivoted to a force 

generating position wherein the first and second wall segments 1710, 1720 extend outward 

beyond the circumferential boundary established by the non-pivoting portions of the first and 

second tube segments 1410, 1450 such that the surgical implement 12 is articulated to the right 

relative to the axis of the tube assembly 1470.

As can be seen in Figure 17 in one non-limiting embodiment, first and second left

articulation cylinders 1630, 1640 and first and second right articulation cylinders 1650, 1660 are

29



20
06

23
32

61
 

30
 O

ct
 2

00
6 employed. First left articulation cylinder 1630 may comprise a conventional hydraulic or 

pneumatic cylinder that has a first housing 1632 that contains a piston (not shown) that has a first 

left piston rod or first left actuation rod 1634 attached thereto. Movement of the piston within 

the first housing 1632 in response to the admission of pressurized fluid or air on one side or the 

other side of the piston causes the first left actuation rod 1634 to be extended out of the first left 

cylinder housing 1632 and into the first left cylinder housing 1632. A distal end 1636 of the first 

left cylinder housing 1632 is pivotally attached to a lug 1419 attached to or formed in the wall 

1418 of the distal tube segment 1410. The free end 1638 of the first left actuation rod 1634 is 

pivotally attached to the second left wall segment 1620. To provide the requisite clearance for 

the first left actuation rod 1634 when the first and second left wall segments 1610, 1620 are in 

the non-extended position shown in Figure 18, a slot 1639 is provided in the second left wall 

segment 1620. Also, if necessary, a clearance pocket 1419 may be provided in the proximal end 

1414 of the distal tube segment 1410 to provide clearance for the first left cylinder housing 1632 

to pivot therein. Thus, when in the non-extended position, no portion of the first left articulation 

cylinder 1610 protrudes outward from the outer circumference of the tube assembly 1470 a 

distance that would cause any portion of the first left articulation cylinder 1610 to prevent or 

otherwise hinder axial insertion of the tube assembly 1470 into the trocar passageway 492.

Also in this non-limiting embodiment, the second left articulation cylinder 1640 may 

comprise a conventional hydraulic or pneumatic cylinder that has a second housing 1642 that 

contains a second left piston 1644 therein. A second left piston rod or second left actuation rod 

1646 is attached to the second left piston 1644 and protrudes out of the second left cylinder 

housing 1644. Movement of the second left piston 1644 within the second left cylinder housing 

1642 in response to the admission of pressurized fluid or air on one side or the other side of the
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6 second left piston 1644 causes the second left actuation rod 1646 to be extended out of the

second left cylinder housing 1642 or into the second left cylinder housing 1642. The second left

cylinder housing 1642 is mechanically attached to the proximal tube segment 1450 by gluing,

pinning, screwing etc. The free end 1647 of the second left actuation rod 1646 is pivotally

attached to a laterally extending lug 1624 formed on the second wall segment 1620.

Likewise, first right articulation cylinder 1650 may comprise a conventional hydraulic or 

pneumatic cylinder that has a first housing 1652 that contains a piston (not shown) that has a first 

left piston rod or first right actuation rod 1654 attached thereto. Movement of the piston within 

the first housing 1652 in response to the admission of pressurized fluid or air on one side or the 

other side of the piston causes the first right actuation rod 1654 to be extended out of the first 

right cylinder housing 1652 and into the first right cylinder housing 1652. A distal end 1656 of 

the first right cylinder housing 1652 is pivotally attached to a lug 1421 attached to or formed in 

the wall 1418 of the distal tube segment 1410. The free end 1658 of the first right actuation rod 

1654 is pivotally attached to the second right wall segment 1720. To provide the requisite 

clearance for the first right actuation rod 1654 when the first and second right wall segments 

1710, 1720 are in the non-extended position, a slot 1739 is provided in the second right wall 

segment 1720. Also, if necessary, a clearance pocket 1423 may be provided in the proximal end 

1414 of the distal tube segment 1410 to provide clearance for the first right cylinder housing 

1652 to pivot therein. Thus, when in the non-extended position, no portion of the first right 

articulation cylinder 1650 protrudes outward from the outer circumference of the tube assembly 

1470 a distance that would cause any portion of the first right articulation cylinder 1650 to 

prevent or otherwise hinder axial insertion of the tube assembly 1470 into the trocar passageway 

492.

31



20
06

23
32

61
 

30
 O

ct
 2

00
6 Also in this non-limiting embodiment, the second right articulation cylinder 1660 may 

comprise a conventional hydraulic or pneumatic cylinder that has a second housing 1662 that 

contains a second right piston 1664 therein. A second right piston rod or second right actuation 

rod 1666 is attached to the second right piston 1664 and protrudes out of the second right 

cylinder housing 1662. Movement of the second right piston 1664 within the second right 

cylinder housing 1662 in response to the admission of pressurized fluid or air on one side or the 

other side of the second right piston 1664 causes the second right actuation rod 1666 to be 

extended out of the second right cylinder housing 1662 or into the second right cylinder housing 

1662. The second right cylinder housing 1662 is mechanically attached to the proximal tube 

segment 1450 by gluing, pinning, screwing etc. The free end 1667 of the second right actuation 

rod 1666 is pivotally attached to a laterally extending lug 1724 formed on the second wall 

segment 1720.

The first and second left articulation cylinders 1630, 1640 and the first and second right 

articulation cylinders 1650, 1660 may be powered by the hydraulic system that powers the 

cutting and stapling features of the end effector 22 or they may be powered by a separate 

hydraulic system such as the one depicted in Figure 20. As can be seen in that Figure, the 

system 1800 includes a pump 1802 that draws pressurized fluid or air from a reservoir 1804 

through a supply line 1806. The discharge port of the pump 1802 discharges pressurized fluid 

through the line 1808 that is attached to a manifold line 1810. The manifold line 1810 is coupled 

to a first left supply line 1812 that has a first portion 1814 coupled to a port in the housing 1632 

of the first left cylinder 1630 on one side of the piston 1634 thereof and a second portion 1816 

coupled to another port in the housing 1632 on the other side of piston 1634. The manifold line 

1810 is also coupled to a second left supply line 1820 that has a portion 1822 thereof coupled to
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6 a port in the housing 1642 of the second left articulation cylinder 1640 on one side of the piston 

1644 and another portion 1824 of the supply line 1820 coupled to a port in the housing 1642 on 

another side of the piston 1644. The manifold line 1810 is further coupled to a third supply line 

1830 that has a first portion 1832 coupled to a port in the housing 1652 of the first right 

articulation cylinder 1650 and another portion 1834 of the supply line 1830 coupled to another 

port in the housing 1652 of the first right articulation cylinder. The manifold line 1810 is also 

coupled to a fourth supply line 1840 that has a first portion 1842 coupled to a port in the housing 

1662 of the second right articulation cylinder 1660 and a second portion 1844 of the fourth 

supply line 1840 is coupled to another port in the housing 1662 on the other side of piston 1654.

Also in this embodiment, a return line 1850 discharges into the reservoir 1804 and is 

coupled to a first return line 1852 that has a first portion 1854 coupled to a port in housing 1632 

of the first left articulation cylinder 1630 on one side of the piston 1634 and also a second 

portion 1856 that is coupled to another port in housing 1632 on another side of the piston 1634. 

A second return line 1860 is coupled to the return line 1850 that has a first portion 1862 that is 

coupled a port in the housing 1642 of the second left articulation cylinder 1640 on one side of the 

piston 1644 and a second portion 1864 that is coupled to another port in the housing 1642 of the 

second left articulation cylinder 1640 on another side of the piston 1644. A third return line 

1870 is coupled to the return line 1850 and has a first portion 1872 coupled to a port in housing 

1652 of the first right articulation cylinder 1650 on one side of the piston 1654 and also a second 

portion 1874 that is coupled to another port in housing 1652 on another side of the piston 1654. 

A fourth return line 1880 is coupled to the return line 1850 that has a first portion 1882 that is 

coupled to a port in the housing 1662 of the second right articulation cylinder 1660 on one side
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of the second right articulation cylinder 1660 on another side of the piston 1664.

To control the flow of pressurized fluid, air, etc. to the cylinders, a series of valves are 

employed. Valve 1900 is installed in the first portion 1814 of the supply line 1812 and valve 

1902 is mounted in the second portion of the supply line 1812. Valve 1904 is mounted in the 

first portion 1852 of the return line 1850 and valve 1906 is mounted in the second portion 1854 

of the return line 1850. Valve 1910 is installed in the first portion 1822 of the supply line 1820 

and valve 1912 is installed in the second portion 1824 of the supply line 1820. Valve 1914 is 

installed in the first portion 1862 of the return line 1860 and valve 1916 is installed in the second 

portion 1864 of the return line 1860. Valve 1920 is installed in the first portion 1832 of the 

supply line 1830 and valve 1922 is installed in the second portion 1834 of the supply line 1830. 

Valve 1924 is installed in the first portion 1872 of the return line 1870 and valve 1926 is 

installed in the second portion 1874 of the return line 1870. Valve 1930 is installed in the first 

portion 1842 of the supply line 1840 and valve 1932 is installed in the second portion 1844 of the 

supply line 1840. Valve 1934 is installed in the first portion 1882 of the return line 1880 and 

valve 1936 is installed in the second portion 1884 of the return line 1880.

The valves may be controlled by the control circuit 3000 described above or by a second 

control circuit 2000 that may include a microprocessor and other related components including 

Random Access Memory (RAM), Read Only Memory (ROM), etc. In other non-limiting 

embodiments, the control circuit 2000 may include various logical circuit elements. A 

conventional multiposition switch 2010 may be connected to the second control circuit 2000 for 

controlling the valves 1900, 1902, 1904, 1906, 1910, 1912,1914, 1916, 1920, 1922, 1924, 1926, 

1930, 1932, 1934, 1936.

34



20
06

23
32

61
 

30
 O

ct
 2

00
6 Figure 18 illustrates the joint assembly 1400 in a non-articulated position that would enable 

the tube assembly 1470 to be inserted into the trocar. After the surgical implement 12 has be 

inserted through the trocar 490 and it becomes desirable to articulate the implement 12, the 

clinician activates the control circuit 2000 through switch 2010. Control circuit 2000 activates 

pump 1802 and supply valve 1902 is opened to permit pressurized fluid to flow into the housing 

1632 of the first left articulation cylinder 1630 on one side of piston 1634 to retract the actuation 

rod 1636. Valve 1904 is opened to permit pressurized fluid on the opposite side of the piston 

1634 to pass into the return line 1850 and valves 1900 and 1906 are closed. Valves 1910 and 

1916 are opened and valves 1912 and 1914 are closed to permit the actuation rod 1646 of the 

second left articulation cylinder to be retracted. Valves 1920 and 1926 are open and valves 1922 

and 1924 are closed to permit the actuation rod 1656 of the first right articulation cylinder 1650 

to be extended. Valves 1930 and 1936 are open and valves 1932 and 1934 are closed to permit 

the actuation rod 1666 to be retracted. When the valves are in the aforementioned position, the 

tube segment 1410 (and the end effector 22 attached thereto) are pivoted to the left as shown in 

Figure 17. After the desired procedure has been completed and the clinician desires to withdraw 

the instrument out through the trocar, the clinician activates the switch 2010 which signals the 

control circuit to open valves 1900, 1906, 1912, 1914, 1922, 1924, 1932, 1934 and close valves 

1902, 1904, 1910, 1916, 1920, 1926, 1930, 1936.

The hydraulic control system 1800 described above for actuating the articulation cylinders 

1630, 1640, 1650, 1660 is but one example of a control system that may be used. The reader 

will appreciate that a variety of different control arrangements may be employed to activate the 

articulation cylinders without departing from the spirit and scope of the present invention. For 

example, the articulation cylinders 1630, 1640,1650,1660 as described above each require the
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6 admission of pressurized fluid to move their respective pistons in both directions. Other 

cylinders that employ springs or other mechanisms for returning the pistons to a starting position 

may be employed along with appropriate valve and hydraulic fluid supply arrangements that are 

within the capabilities of the skilled artisan may also be employed.

Figures 21 and 22 illustrate another embodiment of the present invention. As can be seen 

in these Figures, the distal tube segment 410’ is attached to the proximal tube segment 450’ by 

pivot pin and yoke arrangement designated as 2100. More specifically, as can be seen in these 

Figures, a first yoke assembly 2110 is formed on the proximal end of the distal tube segment 

410’. The first yoke assembly 2110 has a first upper leg 2112 that has a first upper pin-receiving 

hole 2114 therein and a lower leg portion 2116 that is spaced from the upper leg portion 2112 

and has a first lower pin receiving hole 2118 thereththrough.

A second yoke assembly 2120 extends from the distal end of the proximal tube segment 

450’ and comprises a second upper leg portion 2122 that is either formed from or mechanically 

attached to the wall of the proximal tube segment 450’ The second upper leg portion 2122 has a 

second upper pin-receiving hole 2124 therethrough. The second yoke assembly 2120 further 

includes a second lower leg portion 2126 that is either formed in or mechanically attached to the 

wall of the proximal tube segment 450’. The second lower leg portion has a second lower pin­

receiving hole 2128 therethrough. The pin-receiving holes 2114, 2118, 2124,2128 are coaxially 

aligned to receive a pivot pin 2130 therethrough. Pivot pin 2130 is non-movably attached to the 

first upper leg 2112 and the first lower leg 2116 and is otherwise free to rotate within the second 

upper pin-receiving hole 2124 and the second lower pin-receiving hole 2128 in the second upper 

leg 2122 and second lower leg 2126, respectively. Thus, rotation of pin 2130 within the holes
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6 2124, 2128 causes the distal tube segment 410’ to pivot relative to the proximal tube segment 

450’.

To facilitate pivotal rotation of pin 2130 and distal tube segment 410’, an actuator 2140 is 

supported within the proximal tube segment 450’. In one embodiment, the actuator 2140 

comprises a hydraulic cylinder that may be controlled by a hydraulic system arrangement 

described above. The hydraulic cylinder 2140 has an extendable and retractable actuation rod 

2142 therein. In one embodiment, the actuation rod 2142 has an axis T-T that is substantially 

parallel to the axes H-H and I-I of the distal and proximal tube segments 410’, 450’, when those 

axes H-H- and I-I are coaxially aligned. As can also be seen in Figures 21 and 22, a moment rod 

2150 is pivotally attached to the end of the actuation rod 2142 and slidably extends through an 

opening 2151 in the pin 2130. Thus, when the actuation rod 2142 is extended, the moment arm 

created between the center point of the pin 2130 and the end of the actuation rod 2142 increases 

and thereby increases the amount of pivot force generated to cause the moment rod 2150 to slide 

within the opening 2151 in the pivot pin 2130 and cause the pivot the pin 2130 and the distal 

tube segment 41 O’attached thereto to pivot. To bring the distal tube segment 410’ into axial 

alignment with the proximal tube segment 450’ the actuation rod 2142 is retracted and the 

moment arm 2150 slides within the opening 2151 in the pin 2130 and causes the pin 2130 to 

pivot in an opposite direction. Those of ordinary skill in the art will understand that the cylinder 

2140 could be located within the proximal tube segment such that actuation of the actuation rod 

2142 in the above-describe manner causes the distal tube segment to pivot to the right.

The various non-limiting embodiments of the present invention provide a host of

advantages over prior art articulated surgical instruments. In particular, the various embodiments

of the subject invention enable the portions of the tube member that attach a surgical implement
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6 to a handle to be inserted through a trocar or similar device and then be selectively articulated 

within the patient. The various articulating joint and actuator arrangements are capable of 

generating higher pivoting forces by increasing the length of the moment arm between the 

actuator and the pivot axis or point. While the various embodiments have been described herein 

in connection with use with a hydraulically operated endocutter, those of ordinary skill in the art 

would appreciate that the various embodiments of the subject invention could be employed with 

electrically powered endocutters and with a host of other types of surgical implements, 

regardless of whether they are electrically or hydraulically powered.

While the present invention has been illustrated by description of several embodiments and 

while the illustrative embodiments have been described in considerable detail, it is not the 

intention of the applicant to restrict or in any way limit the scope of the appended claims to such 

detail. Additional advantages and modifications may readily appear to those skilled in the art. 

Accordingly, the present invention has been discussed in terms of endoscopic procedures and 

apparatus. However, use herein of terms such as “endoscopic” should not be construed to limit 

the present invention to a surgical stapling and severing instrument for use only in conjunction 

with an endoscopic tube (i.e., trocar). On the contrary, it is believed that the present invention 

may find use in any procedure where access is limited to a small incision, including but not 

limited to laparoscopic procedures, as well as open procedures.
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2 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A surgical instrument, comprising:

a handle assembly;

an elongated tube assembly coupled to said handle assembly, said elongated tube

5 assembly comprising:

a proximal tube segment attached to said handle assembly, said proximal hollow 

tube segment having a proximal wall; and

a distal tube segment pivotally attached to said proximal tube segment and being 

selectively pivotable between a position wherein said distal tube segment is in substantial axial 

0 alignment with said proximal tube segment and positions wherein said distal tube segment is not 

substantially axially aligned with said proximal tube segment, said distal tube segment having a 

distal wall;

an actuator assembly supported by at least one of said proximal and distal tube segments 

and being coupled to at least one portion of one of said proximal and distal walls such that, upon 

5 actuation of said actuator assembly, said portion of one of said proximal and distal walls is 

pivoted out of substantial axial alignment with a corresponding portion of one of said proximal 

and distal walls to cause said distal tube segment to articulate out of substantial axial alignment 

with said proximal tube segment; and

a surgical implement attached to said distal tube segment;

20 wherein said at least one portion of one of said proximal and distal walls comprises:

a first wall segment pivotally coupled to a remaining portion of said proximal wall 

and being selectively pivotable between a position wherein said first wall segment is 

substantially axially aligned with said remaining portion of said proximal wall and positions 

wherein said first wall segment is not substantially axially aligned with said remaining portion of 

25 said proximal wall;

a second wall segment pivotally coupled to said first wall segment and being 
attached to said actuator assembly, said second wall segment being selectively pivotable between 
another position wherein said second wall segment is substantially axially aligned with said first
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12 wall segment and said remaining portion of said proximal wall and other positions wherein said

second wall segment is not substantially axially aligned with said first wall segment;

a third wall segment pivotally coupled to another portion of said remaining 

portion of said proximal wall and being selectively pivotable between a position wherein said 

5 third wall segment is substantially axially aligned with said another portion of said remaining 

portion of said proximal wall and positions wherein said third wall segment is not substantially 

axially aligned with said another portion of said remaining portion of said proximal wall; and

a fourth wall segment pivotally coupled to said third wall segment and being 

attached to said actuator assembly, said fourth wall segment being selectively pivotable between 

0 a third position wherein said fourth wall segment is substantially axially aligned with said third 

wall segment and said another portion of said remaining portion of said proximal wall and other 

positions wherein said fourth wall segment is not substantially axially aligned with said third 

wall segment.

2. The surgical instrument of claim 1 wherein said actuator assembly comprises:

5 a first actuator supported by said distal tube segment and attached to said second wall

segment;

a second actuator supported by said proximal tube segment and attached to said second 

wall segment;

a third actuator supported by said distal tube and attached to said fourth wall segment;

20 a fourth actuator supported by said proximal tube and attached to another portion of said

fourth wall segment.

3. The surgical instrument of claim 2 wherein said first, second, third and fourth 

actuators comprise first, second, third, and fourth hydraulic cylinders, respectively.

4. The surgical instrument of claim 3 wherein said first hydraulic cylinder 

25 comprises:

a first cylinder housing supported by said distal tube segment, said first cylinder housing 

movably supporting a first piston therein; and
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a first actuator rod extending from said first housing and being selectively extendable and

retractable relative thereto in response to movement of said first piston within said first housing,

said first actuator rod attached to a portion of said second wall segment and wherein said second

hydraulic cylinder comprises:

5 a second cylinder housing supported by said proximal tube segment, said second cylinder

housing movably supporting a second piston therein; and

a second actuator rod extending from said second housing and being selectively 

extendable and retractable relative thereto in response to movement of said second piston within 

said second housing, said second actuator rod attached to another portion of said second wall 

0 segment and wherein said third hydraulic cylinder comprises:

a third cylinder housing supported by said distal tube segment, said third cylinder housing 

movably supporting a third piston therein; and

a third actuator rod extending from said third housing and being selectively extendable 

and retractable relative thereto in response to movement of said third piston within said third

5 housing, said third actuator rod attached to a portion of said fourth wall segment and wherein 

said fourth hydraulic cylinder comprises:

a fourth cylinder housing supported said proximal tube segment, said fourth cylinder 

housing movably supporting a fourth piston therein; and

a fourth actuator rod extending from said fourth housing and being selectively extendable 

20 and retractable relative thereto in response to movement of said fourth piston within said fourth 

housing, said fourth actuator rod attached to another portion of said fourth wall segment.

5. The surgical instrument of claim 1 wherein said surgical implement comprises an 

endocutter end effector.

6. The surgical instrument substantially as hereinbefore described with reference to the 

25 embodiment shown in Figures 17 to 19.
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