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HYDRAULICALLY AND ELECTRICALLY 
ACTUATED ARTICULATION JOINTS FOR 

SURGICAL INSTRUMENTS 

FIELD OF THE INVENTION 

[0001] The present invention relates in general to surgical 
instruments that are suitable for 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, to endocutters With articulating end e?fectors. 

BACKGROUND OF THE INVENTION 

[0002] Endoscopic surgical instruments are often pre 
ferred over traditional open surgical devices since a smaller 
incision tends to reduce the post-operative recovery time and 
complications. Generally, these endoscopic surgical instru 
ments include an “end elfector”, 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 con?gured to engage the tissue in various Ways 
to achieve a 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 judicious placement of the trocar 
and use of graspers, for instance, through another trocar, 
often this amount of positioning is suf?cient. Surgical sta 
pling and severing instruments, such as those described in 
US. Pat. No. 5,465,895, are an example of an endoscopic 
surgical instrument that successfully positions an end e?fec 
tor by insertion and rotation. 

[0003] 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 instru 
ment. The transverse or non-axial movement of the end 
effector relative to the instrument shaft is often convention 
ally 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 posi 
tioned behind the end effector Without being blocked by the 
instrument shaft. 

[0004] 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 ?re 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, US. Pat. No. 5,673,840 discloses 
an accordion-like articulation mechanism (“?ex-neck”) that 
is articulated by selectively draWing back one of tWo con 
necting rods through the implement shaft, each rod o?fset 
respectively on opposite sides of the shaft centerline. The 
connecting rods ratchet through a series of discrete posi 
tions. 
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[0005] Another example of longitudinal control of an 
articulation mechanism is US. 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 e?fects articulation to a respective side. 
Similarly, US. 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 dis 
closed in US. Patent Nos. 6,250,532 and 6,644,532. 

[0006] Due to the types end effector ?ring systems com 
monly employed, the actuator arrangements for articulating 
the end effector must often generate high amounts of torque 
to bend the ?ring structure. This problem is exacerbated by 
the lack of available space for accommodating actuating 
devices that are large enough to generated those required 
forces. 

[0007] Consequently, a signi?cant need exists for an 
articulating surgical instrument that incorporates an articu 
lation mechanism that can generate the torque necessary to 
selectively articulate the end effector thereof in a desired 
manner. 

BRIEF SUMMARY OF THE INVENTION 

[0008] In accordance With one embodiment of the present 
invention there is provided a surgical instrument that com 
prises a handle assembly and a proximal tube segment that 
is attached to the handle assembly. The surgical instrument 
further comprises a distal tube segment that is attached to the 
proximal tube segment by an articulating joint assembly. In 
one non-limiting embodiment, the articulating joint assem 
bly comprises a ball member non-movably coupled to an 
end of one of the proximal and distal tube segments and 
being rotatably received in a corresponding socket in an end 
of the other of the proximal tube segment and distal tube 
segments. An actuator assembly is coupled betWeen the ends 
of the distal and proximal tube segments and serves to retain 
a portion of the ball member in the socket. The actuator 
assembly further selectively rotates the ball member portion 
Within the socket to articulate the distal tube segment 
relative to the proximal tube segment. A surgical implement 
may be attached to the distal tube segment. 

[0009] In accordance With another non-limiting embodi 
ment of the present invention there is provided a surgical 
instrument that comprises a handle assembly and a proximal 
tube segment that is attached to the handle assembly. The 
surgical instrument further comprises a distal tube segment 
that is attached to the proximal tube segment by an articu 
lating joint assembly. In one non-limiting embodiment, the 
articulating joint assembly comprises a ball member non 
movably coupled to an end of one of the proximal and distal 
tube segments and being rotatably received in a correspond 
ing socket in an end of the other of the proximal tube 
segment and distal tube segment. An actuator assembly is 
coupled betWeen the one of the distal and proximal tube 
segments that has the socket therein and a portion of the ball 
member and serves to retain a portion of the ball member in 
the socket. The actuator assembly further selectively rotates 
the ball member portion Within the socket to articulate the 
distal tube segment relative to the proximal tube segment. A 
surgical implement may be attached to the distal tube 
segment. 

[0010] In accordance With another embodiment of the 
present invention there is provided a surgical instrument that 
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comprises a handle assembly and a proximal tube segment 
that is attached to the handle assembly. The surgical instru 
ment further comprises a distal tube segment that is attached 
to the proximal tube segment by an articulating joint assem 
bly. In one non-limiting embodiment, the articulating joint 
assembly comprises a disc-like member non-movably 
coupled to an end of one of the proximal and distal tube 
segments and being rotatably received in a corresponding 
socket in an end of the other of the proximal tube segment 
and distal tube segment. An actuator assembly is coupled 
betWeen the ends of the distal and proximal tube segments 
and serves to retain a portion of the disc-like member in the 
socket. The actuator assembly further selectively rotates the 
disc-like member portion Within the socket to articulate the 
distal tube segment relative to the proximal tube segment. A 
surgical implement may be attached to the distal tube 
segment. 

[0011] In accordance With another non-limiting embodi 
ment of the present invention there is provided a surgical 
instrument that comprises a handle assembly and a proximal 
tube segment that is attached to the handle assembly. The 
surgical instrument further comprises a distal tube segment 
that is attached to the proximal tube segment by an articu 
lating joint assembly. In one non-limiting embodiment, the 
articulating joint assembly comprises a disc-like member 
non-movably coupled to an end of one of the proximal and 
distal tube segments and being rotatably received in a 
corresponding socket in an end of the other of the proximal 
tube segment and distal tube segment. An actuator assembly 
is coupled betWeen the one of the distal and proximal tube 
segments that has the socket therein and a portion of the 
disk-like member and serves to retain a portion of the 
disc-like member in the socket. The actuator assembly 
further rotates the disc-like member portion Within the 
socket to articulate the distal tube segment relative to the 
proximal tube segment. A surgical implement may be 
attached to the distal tube segment. 

[0012] 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 coaxially aligned for 
insertion through a passageWay in a trocar and then articu 
lated relative to each other after the joint has passed through 
the trocar. Accordingly, various embodiments of the inven 
tion provide solutions to the shortcomings of other articu 
lated 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. 

BRIEF DESCRIPTION OF THE FIGURES 

[0013] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, 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. 

[0014] FIG. 1 is a partial perspective vieW of one non 
limiting embodiment of a moment arm extension arrange 
ment employed in connection With a hydraulically operated 
endocutter With the tube segments thereof in a ?rst substan 
tially coaxially aligned position; 
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[0015] FIG. 2 is another perspective vieW of the moment 
arm extension arrangement and endocutter of FIG. 1 With 
the tube segments articulated at an angle relative to each 
other; 
[0016] FIG. 3 is a partial cross-sectional vieW of an end 
effector employed in the endocutter depicted in FIGS. 1 and 
2 With the anvil thereof in an open or unclamped position 
With some of the elements thereof omitted for clarity; 

[0017] FIG. 4 is another cross-sectional vieW of the end 
effector of FIG. 3 in a closed or clamped position With the 
cutting bar in an extended position; 

[0018] FIG. 5 is another cross-sectional vieW of the end 
effector of FIGS. 3 and 4 shoWing tissue after being cut and 
stapled therein; 
[0019] FIG. 6 is an exploded perspective vieW of the end 
effector depicted in FIGS. 1-5; 

[0020] FIG. 7 is another exploded assembly vieW of the 
end effector and a staple cartridge; 

[0021] FIG. 8 is a plan vieW of a staple cartridge installed 
in an end effector depicted in FIGS. 6 and 7; 

[0022] FIG. 9 is a cross-sectional end vieW illustrating the 
end effector inserted into a trocar passageWay; 

[0023] FIG. 10 is a perspective vieW of a cartridge 
installed in an end effector With the anvil thereof in an open 
or unclamped position; 

[0024] FIG. 11 is a schematic depiction of one hydraulic 
system embodiment of the present invention; 

[0025] FIG. 12 is a partial perspective vieW of one non 
limiting embodiment of an articulation joint of the present 
invention in an articulated position; 

[0026] FIG. 13 is another partial perspective vieW of the 
articulation joint depicted in FIG. 12 in an articulated 
position; 

[0027] FIG. 14 is another partial perspective vieW of the 
articulation joint embodiment depicted in FIGS. 12 and 13 
in an articulated position; 

[0028] FIG. 15 is a partial cross-sectional vieW of another 
non-limiting embodiment of an articulation joint of the 
present invention in an articulated position; 

[0029] FIG. 15A is a partial cross-sectional vieW of 
another articulation joint of the present invention in an 
articulated position; 

[0030] FIG. 16 is a partial cross-sectional vieW of another 
articulation joint of the present invention in an articulated 
position; 

[0031] FIG. 16A is a partial cross-sectional vieW of 
another articulation joint of the present invention in an 
articulated position; 

[0032] FIG. 17 is a partial cross-sectional vieW of another 
articulation joint embodiment of the present invention in an 
articulated position; and 

[0033] FIG. 17A is a partial cross-sectional vieW another 
articulation joint of the present invention in an articulated 
position. 




















