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ULTRASONIC SURGICAL INSTRUMENT WITH OPPOSING THREAD DRIVE FOR END
EFFECTOR ARTICULATION

BACKGROUND

{0001] A variety of surgical mstruments include an end effector having a blade element
that vibrates at ultrasonic frequencies to cut and/or seal tissue {(e.g, by denaturing
proteins in tissue cells). These mnstruments include piezoelectric elements that convert
electrical power into ultrasonic vibrations, which are communicated along an acoustic
waveguide to the blade element. The precision of cutting and coagulation may be
controlled by the surgeon’s technique and adjusting the power level, blade edge, tissue

traction and blade pressure.

[0002] Examples of ultrasonic surgical instruments include the HARMONIC ACE®
Ultrasonic Shears, the HARMONIC WAVE® Ultrasonic Shears, the HARMONIC
FOCUS® Ulirasonic Shears, and the HARMONIC SYNERGY® Ultrasonic Blades, all
by Ethicon Endo-Surgery, Inc. of Cincinnati, Ohio.  Further examples of such devices
and related concepts are disclosed in US Pat No.o 5,322,055, entitled “Clamp
Coagulator/Cutting System for Ultrasonic Surgical Tnstruments,” issued June 21, 1994,
the disclosure of which s incorporated by reference herein; UK. Pat. No. 5,873,873,
entitled “Ultrasonic Clamp Coagulator Apparatus Having Improved Clamp Mechanism,”
issued February 23, 1999, the disclosure of which 15 incorporated by reference herein;
J.S. Pat. No. 5,980,510, entitled “Ultrasonic Clamp Coagulator Apparatus Having
Improved Clamp Arm Pivot Mount,” filed October 10, 1997, the disclosure of which 1s
mcorporated by reference herein; US. Pat. No. 6,325811, entitled “Blades with
Functional Balance Asymmetries for use with Ultrasonic Surgical Instruments,” issued
December 4, 2001, the disclosure of which is incorporated by reference herein; U.S. Pat.
No. 6,773,444, entitled “Blades with Functional Balance Asymmetries for Use with
Ultrasonic Surgical Instruments,” issued August 10, 2004, the disclosure of which is

imcorporated by reference herein; U.S. Pat No. 6,783,524, entitied “Robotic Surgical

1-
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Tool with Ultrasound Cauterizing and Cutting Instrument,” issued August 31, 2004, the
disclosure of which 1s mcorporated by reference herein; U.S. Pat. No. 8,461,744, entitled
“Rotating Transducer Mount for Ultrasonic Surgical Instruments,” 1ssued June 11, 2013,
the disclosure of which s incorporated by reference herein; UK. Pat. No. 8,591,536,
entitled “Ultrasonic Surgical Instroment Blades,” issued November 26, 2013, the
disclosure of which 18 incorporated by reference herein, and U.S. Pat. No. 8,623,027,
entitled “Ergonomic Surgical Instruments,” issued January 7, 2014, the disclosure of

which 1s incorporated by reference herem.

{0663] Still further examples of ultrasonic surgical instruments are disclosed m U.S. Pub.
No. 2006/0079874, entitled “Tissue Pad for Use with an Ultrasonic Surgical Tnstrument,”
published April 13, 2006, the disclosure of which 1s mcorporated by reference herein;
U.S. Pub. No. 2007/0191713, entitled “Ultrasonic Bevice for Cutting and Coagulating,”
published August 16, 2007, the disclosure of which is incorporated by reference herein;
U.S. Pub. No. 2007/0282333, entitled “Ultrasonic Waveguide and Blade,” published
December 6, 2007, the disclosure of which 1s incorporated by reference herein; U.S. Pub.
No. 2008/0200940, entitled “Ultrasonic Device for Cutting and Coagulating,” published
August 21, 2008, the disclosure of which is incorporated by reference herein; and U.S.
Pub. No. 2010/0069940, entitled “Ultrasonic Device for Fingertip Control,” published

March 18, 2010, the disclosure of which 1s incorporated by reference herein.

{00064} Some ultrasonic surgical instroments may include a cordless transducer such as
that disclosed in U.S. Pub. No. 2012/0112687, enuitled “Recharge System for Medical
Devices,” published May 10, 2012, the disclosure of which is incorporated by reference
herein; U.S. Pub. No. 2012/0116265, entitled “Surgical Instrument with Charging
Devices,” published May 10, 2012, the disclosure of which is incorporated by reference
herein; and/or U.S. Pat. App. No. 61/410,603, filed November 3, 2010, entitled “Energy-

Based Surgical Instruments,” the disclosure of which is incorporated by reference herein.

{0005] Additionally, some ultrasonic surgical instruments may include an articulating
shaft section and/or a bendable ulirasonic waveguide. Examples of such ultrasonic
surgical instruments are disclosed in U.S. Pat. No. 5,897 523, entitled “Articulating

Ultrasonic Surgical Instrument,” issued April 27, 1999, the disclosure of which is

3]
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[0006]

mcorporated by reference herein; .S, Pat. No. 5,989,264, entitled “Ultrasoruc Polyp
Snare,” 1ssued November 23, 1999, the disclosure of which s incorporated by reference
herein; UK. Pat. No. 6,063,098, entitled “Articulable Ultrasonic Surgical Apparatus,”
issued May 16, 2000, the disclosure of which 1s mncorporated by reference herem; U8,
Pat. No. 6,090,120, entitled “ Articulating Ultrasonic Surgical Instrument,” issued July 18,
2000, the disclosure of which 1s wmcorporated by reference herein; 1S, Pat. No.

>

6,454,782, entitled “Actuation Mechamsm for Surgical Instruments,” issued September
24, 2002, the disclosure of which 18 incorporated by reference herem; UK. Pat No.
6,589,200, entitled “Articulating Ultrasonic Surgical Shears,” issued July &, 2003, the
disclosure of which 1s incorporated by reference herein; U.S. Pat. No. 6,752,815, entitled
“Method and Waveguides for Changing the Dhrection of Longitudinal Vibrations,” tssued
June 22, 2004, the disclosure of which is incorporated by reference herein; U.S. Pat. No.
7,135,030, entitled “Articulating Ultrasonic Surgical Shears,” issued November 14, 2006;
U8 Pat No. 7,621,930, entitled “Ultrasound Medical Instrument Having a Medical
Ultrasonic Blade,” 1ssued November 24, 2009, the disclosure of which is incorporated by
reference herein; U.S. Pub. No. 2014/0005701, published January 2, 2014, entitled
“Surgical Instruments with Articulating Shafts,” the disclosure of which is incorporated
by reference herein; U.S. Pub. No. 2014/0065703, entitled “Surgical Instruments with
Articulating Shafts,” published January 2, 2014, the disclosure of which is incorporated
by reference herein; US. Pub No. 2014/0114334, entitled “Flexible Harmonic
Waveguides/Blades for Surgical Instruments,” published April 24, 2014, the disclosure of
which 15 incorporated by reference herein; U.S. Pub. No. 2015/0080924, entitled
““Articulation Features for Ulirasonic Surgical Instrument,” published March 19, 2015,
the disclosure of which is mcorporated by reference herein; and U.S. Pat. App. No.
14/258,179, entitled Ultrasonic Surgical Device with Articulating End Effector,” filed

April 22, 2014, the disclosure of which 1s mcorporated by reference herein.
> > ol

While several surgical nstruments and systems have been made and used, it is
believed that no one prior to the mventors has made or used the invention described in the

appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
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[0007] While the specification concludes with claims which particularly point out and
distinctly claim this technology, it 1s beligved this technology will be better understood
from the following description of certain examples taken in comjunction with the
accompanying drawings, in which like reference numerals identify the same elements and

in which:

{0008] FIG 1 depicts a side elevational view of an exemplary ultrasonic surgical
mstrument;
[B009] FIG. 2 depicts a perspective view of an articulation section of a shaft assembly

and an end effector of the surgical mstrument of FIG. 1

{00018} FIG. 3 depicts an exploded perspective view of an articulation section of the shaft

assembly of FIG. 2;

{66011} FIG. 4 depicts a cross-sectional side view of the shaft asserubly and end effector

of FIG. 2;
{00012} FIG. 5 depicts a top plan view of the shaft assembly and end effector of FIG. 2;

{00013} FIG. 6A depicts a cross-sectional top view of the shaft assembly and end effector

of FIG. 2 in a straight configuration;

[00014] FIG. 6B depicts a cross-sectional top view of the shaft assembly and end etfector

of FIG. 2 in an articulated configuration;

[00015] FIG. 7 depicts a partially exploded perspective view of the shaft assembly and end

effector of FIG. 2;

{00016} FIG. 8 depicts a perspective view of a distal collar and a drive cable of the shaft
assembly of FIG. 2;

{00017} FIG. 9 depicts a partially exploded perspective view of an articulation control

assembly of the mstrument of FIG. 1;

{00018] FIG. 10A depicts a side elevational view of an exemplary alternative end effector

and the distal portion of a shaft assembly, configured for incorporation in the instrument
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of FIG 1, with a clamp arm of the end effector in a closed position, and with an outer

sheath shown in cross-section to reveal components within the outer sheath;

[66019] FIG. 10B depicts a side elevational view of the shaft assembly and end effector of

FIG. 10A, with the clamp arm moved to a partially open position;

[00028] FIG. 10C depicts a side elevational view of the shaft assembly and end effector of

FIG. 10A, with the clamp arm moved to a fully open position;

{00021} FIG. 11 depicts a side elevational view of another exemplary ultrasonic surgical
mstrument;

{00022} FIG. 12 depicts a perspective view of the mstrument of FIG. 11;

{00023} FIG. 13 depicts a side elevational view of a proximal portion of the mstrument of

FIG. 11 with a shrouding half removed;

{00024] FIG. 14 depicts a detailed side elevational view of the mstrument of FIG. 11 with

a shrouding half removed;

{00025} FIG. 15 depicts a cross-sectional front view of a shatt assembly of the instrument
of FIG. 11;
{00026} FIG. 16 depicts a perspective view of internal components of the shaft assembly

of FI1G. 15;

{00027} FIG. 17 depicts a partially exploded perspective view of an articulation control

assembly of the imstrument of FIG. 11;

{00028] FIG. 18 depicts an exploded perspective view of a drive assembly of the

articulation control assembly of FIG. 17;

{00029} FIG. 19 depicts another partially exploded perspective view of the drive assembly
of FIG. 18;

{66030} FIG. 20 depicts a perspective view of a lead screw of the drive assembly of FIG.

18;
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{00031} FIG. 21 depicts a front elevational view of the lead screw of FIG. 20;

[B0032] FIG. 22 depicts a perspective view of another lead screw of the drive assembly of
FIG. 18;

[00033] FIG. 23 depicts a front elevational view of the lead screw of FIG. 22;

[00034] FIG. 24 A depicts a perspective view of a cylindrical guide of the drive assembly

of FIG. 18;

{00035} FIG. 24B depicts a partially exploded perspective view of the cylindrical guide of
FIG 24A;
{00036} FIG. 25 depicts a cross-sectional perspective view of the drive assembly of FIG.

18, taken along the line 25-25 of FIG. 19;

{00037} FIG. 26 depicts a cross-sectional perspective view of the drive assembly of FIG.

18, taken along the line 26-26 of FIG. 19,

{00038] FIG. 27A depicts a detailed side elevational view of the instrument of FIG. 11
with a shrouding half removed, and a cross-sectional top view of an articulation section
of the shaft assembly of FIG. 15, with the articulation section in a substantially straight

configuration;

{00039} FIG. 27B depicts a detatled side elevational view of the instrument of FIG 11
with a shrouding half removed, and a cross-sectional top view of the articulation section

of FIG. 27A, with the articulation section in a first stage of articulation;

{00040] FIG. 27C depicts a detatled side elevational view of the mstrument of FIG. 11
with a shrouding half removed, and a cross-sectional top view of the articulation section

of FIG. 27A, with the articulation section in a second stage of articulation;

{00041} FIG. 28 depicts a side elevational view of yet another exemplary ultrasonic

surgical instrument;

{00042] FIG. 29 depicts a perspective view of the instrument of FIG. 2§;
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{00043] FIG. 30 depicts a perspective view of the instrument of FIG. 28, with a disposable

portion separated from a reusable portion;

[00044] FIG. 31 depicts a perspective view of an exemplary alternative disposable portion

that may be used with the reusable portion of the instrument of FIG. 28;
[00045] FIG. 32 depicts another perspective view the disposable portion of FIG. 31;

{00046} FIG. 33 depicts a cross-sectional front view of a shatt assembly of the disposable

portion of FIG. 31, taken along line 33-33 of FIG. 31;

[066047] FIG. 34 depicts another cross-sectional front view of a shaft assembly of the

disposable portion of FIG. 31, taken along line 34-34 of FIG. 31,

{00048} FIG. 35 depicts a perspective view of internal components of the shaft assembly

of FIG. 34;

{00049] FIG. 36 depicts a side elevational view of a body portion of the disposable portion
of FI1G. 31;
{00050} FIG. 37 depicts a side elevational view of the body portion of FIG. 36 with a

shrouding half removed;

{00051} FIG. 38 depicts a detailed side elevational view of the body portion of FIG. 36

with a shrouding half removed;

{00052} FIG. 39 depicts a side elevational view of an articulation control assembly of the

disposable portion of FIG. 31;

[00053] FIG. 40 depicts a perspective view of the articulation control assembly of FIG.
RN

{00054} FIG. 41A depicts a partially exploded side elevational view of the articulation

control assembly of FIG. 39;

(0005

ReL

i FIG. 41B depicts a perspective view of a gear reduction assembly of the

articulation control assembly of FIG. 39;

~J
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{00056] FIG. 41C depicts an exploded perspective view of the gear reduction assembly of
FIG. 41B;
[006057] FIG. 41D depicts a perspective view of a bevel gear of the gear reduction

assembly of FIG. 41B;
{00038} FIG. 41F depicts a front elevational view of the bevel gear of FIG. 41D,

[00039] FIG. 41F depicts a perspective view of a fixed spline member of the gear

reduction assembly of FIG. 41B;
[06060] FIG. 41G depicts a rear elevational view of the fixed spline member of FIG. 41F;

{00061} FIG. 41H depicts a perspective view of a flex spline member of the gear reduction

assembly of FIG. 41B;
{00062] FIG. 411 depicts a rear elevational view of the flex spline member of FIG. 41H;

{00063} FIG. 41J depicts a cross-sectional view of the gear reduction assembly of FIG.

418, taken along line 41J-41J of FIG. 41B;

{00064] FIG. 42 depicts a partial cross-sectional perspective view of a drive assembly of

the articulation control assembly of FIG. 39;

{00065} FIG. 43 depicts a perspective view of a cylindrical guide of the drive assembly of
FiG 42,
{066066] FIG. 44 depicts a perspective view of a proximal rotatable housing of the drive

assembly of FIG. 42;

{00067} FIG. 45 depicts a front elevational view of the proximal rotatable housing of FIG.
44;

{066068] FIG. 46 depicts a cross-sectional side view of the proximal rotatable housing of
Fi(s. 44,

{00069} FIG. 47 depicts another cross-sectional side view of the proximal rotatable

housing of FIG. 44;
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[00078] FIG. 48 depicts a perspective view of a lead screw of the drive assembly of FIG.
42;

{00071} FIG. 49 depicts a front elevational view of the lead screw of FIG. 48;

{60672} FIG. 50 depicts a side elevational view of the lead screw of FIG. 48;

[00073] FIG. 51 depicts a perspective view of a translatable assembly of the drive

assembly of FIG. 42;

{00074} FIG. 52 depicts a cross-sectional perspective view of the translatable assembly of

FIG. 51, taken along line 52-32 of FIG. 51;
{060075] FIG. 53 depicts a cross-sectional rear view of the drive assembly of FIG. 42;

{00076} FIG. 54 depicts a perspective view of a distal rotatable housing of the drive
assembly of FIG. 42;

{00877} FIG. 55 depicts a side elevational view of the distal rotatable housing of FIG. 54;
{00078} FIG. 56 depicts a front elevational view of the distal rotatable housing of FIG. 54,
{00079} FIG. 57 depicts a cross-sectional side view of the distal rotatable housing of FIG.

54, taken along line 57-57 of FIG. 54;

{60086 FIG. 58 depicts another cross-sectional side view of the second rotatable housing

of FIG. 54, taken along line 58-58 of FIG. 54;

{00081} FIG. 59 depicts a perspective view of another lead screw of the drive assembly of
FiG 42;

{66082} FIG. 60 depicts a front elevational view of the lead screw of FIG. 59;

{60083 FIG. 61 depicts a bottom plan view of the lead screw of FIG. 59;

{00084} FIG. 62 depicts a perspective view of vet another lead screw of the drive

assembly of FIG. 42,

{B008S5] FIG. 63 depicts a front elevational view of the lead screw of FIG. 62,

.
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{00086} FIG. 64 depicts a side elevational view of the lead screw of FIG. 62;

{00087} FIG. 65 depicts a perspective view of a tensioner of the drive assembly of FIG.
42;

[00088] FIG. 66 depicts a side elevational view of the tensioner of FIG. 65;

[00089] FIG. 67 depicts a front elevational view of the tensioner of FIG. 65;

{00090] FIG. 68 depicts an exploded perspective view of the tensioner of FIG. 65;

{00091} FIG. 69 depicts a top plan view of a proximal end of a pair of translatable rods of

the shaft assembly of FIG. 34;

{00092} FIG. 70 depicts another cross-sectional rear view of the drive assembly of FIG.
42;

{00093] FIG. 71 depicts yet another cross-sectional rear view of the drive assembly of
FiG 42;

{00094} FIG. 72 depicts vet another cross-sectional rear view of the drive assembly of
FiG 42,

{B6095] FIG. 73 A depicts a partial cross-sectional side view of the drive assembly of FIG.

42, with the lead screw of FIG. 48 i a first longitudinal position, with the lead screw of
FIG. 59 in a first longitudinal position, and with the lead screw of FIG. 62 m a first

longitudinal position;

{00096} FIG. 738 depicts a partial cross-sectional side view of the drive assembly of FIG.
42, with the lead screw of FIG. 48 moved to a second longitudinal position, with the lead
screw of FIG. 59 moved to a second longitudinal position, and with the lead screw of

FIG. 62 moved to a second longitudinal position;

{00097} FIG. 73C depicts a partial cross-sectional side view of the drive assembly of FIG.
42 with the lead screw of FIG. 48 moved to a third longitudinal position, with the lead
screw of FIG. 59 moved to a third longitudinal position, and with the lead screw of FIG.

62 moved to a third longitudinal position;

-10-
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{00098] FIG. 74A depicts a cross-sectional perspective view of the shaft assembly of FIG.

34, with a rod member n a first longitudinal position;

[00099] FIG. 74B depicts a cross-sectional perspective view of the shaft assembly of FIG.

34, with the rod member of FIG. 74A moved 1o a second longitudinal position;

[000100] FIG. 75A depicts a cross-sectional top view of the shaft assembly of FIG. 34, with

an articulation section of the shaft assembly 1n a straight configuration;

[000101] FIG. 75B depicts a cross-sectional top view of the shaft assembly of FIG. 34, with

the articulation section of FIG. 75B moved to a first articulated configuration;

[000102] FIG. 75C depicts a cross-sectional top view of the shaft assembly of FIG. 34, with

the articulation section of FIG. 75B moved to a second articulated configuration;

[66061063] FIG. 76 depicts a perspective view of a stiffening assernbly that may be used with

the ultrasonic surgical struments of FIGS. 1, 11, and 28;

{000104] FIG. 77 depicts a detailed perspective view of a proximal end of a tubular

member of the stiffening assembly of FIG. 76;

[000105] FIG. 78 depicts a detailed perspective view of a tubular guide of the stiffening
assembly of FIG. 76;

000106} FIG. 79A depicts a detailed side elevational view of the tubular member of FIG.

coupled with the tubular guide of FIG. 78, with the tubular member in a first

longitudinal position, and with the tubular guide in a first rotational position;

{000107] FIG. 79B depicts a detailed side elevational view of the tubular member of FIG.

coupled with the tubular guide of FIG. 78, with the tubular member moved to a second

longitudinal position by rotation of the tubular guide to a second rotational position;

{000108] FIG. 79C depicts a detailed side elevational view of the tubular member of FIG.

coupled with the tubular guide of FIG. 78, with the tubular member moved to a third

longitudinal position by rotation of the tubular guide to a third rotational position;

-11-
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[000109] FIG. 80A depicts a detailed side elevational view of the tubular member of FIG.

77 wn the first longitudinal position relative to an articulation section,

[000110] FIG. 80B depicts a detatled side elevational view of the tubular member of FIG.
77 moved to the second longitudinal position relative to the articulation section of FIG.

8CA: and

[000111] FIG. 80C depicts a detatled side elevational view of the tubular member of FIG.
77 moved to the third longitudinal position relative to the articulation section of FIG.

R0A.

[6606112] The drawings are not intended to be hnuting in any way, and it is contemplated
that various embodiments of the technology may be carried out i a variety of other wayvs,
mcluding those not necessarily depicted in the drawings. The accompanying drawings
meorporated i and forming a part of the specification illustrate several aspects of the
present technology, and together with the description serve to explain the principles of
the technology; it being understood, however, that this technology 15 not limited to the

precise arrangements shown.
DETAILED DESCRIPTION

{0006113] The following description of certain examples of the technology should not be
used to himit 1ts scope. Other examples, features, aspects, embodiments, and advantages
of the technology will become apparent to those skilled 1 the art from the following
description, which 1s by way of tllustration, one of the best modes contemplated for
carrying out the technology. As will be reahized, the technology described heren 1s
capable of other different and obvious aspects, all without departing from the technology.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive.

{6001 14] It 1s further understood that any one or more of the teachings, expressions,
embodiments, examples, etc. described herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples, etc. that are described herein.

The following-described teachings, expressions, embodiments, examples, eic. should

-12-
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therefore not be viewed in 1solation relative to each other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary
skill in the art 1n view of the teachings herem. Such modifications and variations are

mtended to be included within the scope of the claims.

[000115] For clarity of disclosure, the terms “proximal” and “distal” are defined herein
relative to a human or robotic operator of the surgical mstrument. The term “proximal”
refers the posttion of an element closer to the human or robotic operator of the surgical
mstrument and further away from the surgical end effector of the surgical nstrument.
The term “distal” refers to the position of an element closer to the surgical end effector of
the surgical instrument and further away from the human or robotic operator of the

surgical instrument.

[0006116] L Exemplary Ultrasonic Surgical Instrument
[0066117] FIG. 1 shows an exemplary ultrasonic surgical nstrument (10}, At least part of

mstrument {10) may be constructed and operable 1 accordance with at least some of the
teachings of any of the various patents, patent application publications, and patent
apphications that are cited herein.  As described therein and as will be described in greater
detail below, mstrument {10} is operable to cut tissue and seal or weld tissue {eg, a

blood vessel, etc} substantially simultaneously. It should alse be understood that
mstrument {10} may have varous structural and functional similarities with the
HARMONIC ACE® Ulirasonic Shears, the HARMONIC WAVE® Ultrasonic Shears,
the HARMONIC FOCUS® Ultrasonic Shears, and/or the HARMONIC SYNERGY®
Ultrasonic Blades. Furthermore, instrument (10) mayv have various structural and

tunctional similarities with the devices taught in any of the other references that are cited

and incorporated by reference herein.

{6060118] To the extent that there is some degree of overlap between the teachings of the
references cited herein, the HARMONIC ACE® Ultrasonic Shears, the HARMONIC
WAVE® Ultrasonic Shears, the HARMONIC FOCUS® Ultrasonic Shears, and/or the
HARMONIC SYNERGY® Ultrasonic Blades, and the following teachings relating to

mstrument (10}, there 1s no imtent for any of the description herein to be presumed as
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admitted prior art.  Several teachings herein will 1n fact go beyond the scope of the
teachings of the references cited herein and the HARMONIC ACE® Ultrasonic Shears,
the HARMONIC WAVE® Ulirasonic Shears, the HARMONIC FOCUS® Ultrasonic
Shears, and the HARMONIC SYNERGY® Ultrasonic Blades.

[0006119] Instrument {10} of the present example comprises a handle assembly (20), a shaft
assembly (30), and an end effector {40}, Handle assembly (20) comprises a body (22)
meluding a pistol grip (24) and a pair of buttons {26). Handle assembly (20} also
mcludes a trigger (28) that 1s pivotable toward and away from pistol grip (24). 1t should
be understood, however, that various other suitable configurations may be used, including
but not limited to a scissor grip configuration. End effector (40} includes an ultrasonic
blade (160} and a pivoting clamp arm (44). Clamp arm (44) 13 coupled with trigger (28)
such that clamp arm {44) is pivotable toward ultrasonic blade {160} in response to
pivoting of trigger (28} toward pistol grip (24); and such that clamp arm (44} is pivotable
away from ultrasonic blade (160} in response to pivoting of trigger (28) away from pistol
grip {24}, Various suitable ways in which clamp arm (44} may be coupled with trigger
(28} will be apparent to those of ordinary skill in the art in view of the teachings herein.
In some versions, one or more resilient members are used to bias clamp arm {44) and/or

trigger {28) to the open position shown in FIG 1.

{600120] An ultrasonic transducer assembly (12} extends proximally from body (22} of
handle assembly (20}, Transducer assembly (12) 1s coupled with a generator (16} via a
cable (14), such that transducer assembly (12) receives electrical power from generator
{(16). Piezoelectric elements in transducer assembly (12) convert that electrical power
mto ultrasonic vibrations. Generator (16) may include a power source and control
module that is configured to provide a power profile to transducer assembly (12) that 1s
particularly suited for the generation of ultrasonic vibrations through transducer assembly
(12). By way of example only, generator {(16) may comprise a GEN 300 sold by Ethicon
Endo-Surgery, Inc. of Cincinnaty, Chio. In addition or in the alternative, generator (16)
may be constructed in accordance with at least some of the teachings of US. Pub. No.
2011/0087212, entitled “Surgical Generator for Ultrasonic and Electrosurgical Devices,”

published April 14, 2011, the disclosure of which s incorporated by reference herein. It
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should also be understood that at least some of the functionality of generator (16) may be
mtegrated into handle assembly (20), and that handle assembly (20) may even include a
battery or other on-board power source such that cable (14) s omutted.  Sull other
suitable forms that generator (16) may take, as well as various features and operabilities
that generator {16} may provide, will be apparent to those of ordinary skill in the art n

view of the teachings herein.
{0006121] Al Exemplary End Effector and Acoustic Drivetrain

[006122] As best seen in FIGS. 2-4, end effector (40) of the present example comprises
clamp arm (44} and oltrasonic blade {160}, Clamp arm (44} includes a clamp pad (46)
that 13 secured to the underside of clamp arm (44}, facing blade (160}, Clamp pad (46}
may comprise polytetrafluoroethylene (PTFE) and/or any other suitable material{s).
Clamp arm (44} 1s pivotally secured to a distally projecting tongue {43) of an upper distal
shaft element (172), which 15 fixedly secured within a distal portion of a distal cuter
sheath (33). Clamp arm {44} 1s operable to selectively pivot toward and away from blade
(160} to selectively clamp tissue between clamp arm (44} and blade (160). A pair of
arms {156) extend transversely from clamp arm (44} and are pivotally secured to a lower
distal shaft element {170), which s slidably disposed within the distal portion of distal

outer sheath (33}.

{000123] As best seen in FIGS. 7-8, a cable {174) 15 secured to lower distal shaft element
(170). (able {174) 15 operable to translate longitudinally relative to an articulation
section (130} of shaft assembly (30} to selectively pivot clamp arm {44) toward and away
from blade (160). In particular, cable (174} is coupled with trigger (28) such that cable
{174) translates proxamally in response to pivoting of trigger (28) toward pistol grip (24),
and such that clamp arm (44) thereby pivots toward blade (160} in response to pivoting of
trigger (28} toward pistol grip (24}, In addition, cable (174) translates distally in response
to pivoting of trigger (28) away from pistol grip (24}, such that clamp arm (44) pivots
away from blade (160} in response to pivoting of trigger (28) away from pistol grip (24).
Clamp arm (44) may be biased toward the open position, such that {(at least in some
instances) the operator may effectively open clamp arm (44} by releasing a grip on trigger

(28).
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[000124] As shown in FIGS. 7-8, cable (174} 15 secured to a proxamal end of lower distal
shaft element (170). Lower distal shaft element {170} comprises a pair of distal flanges
(171, 173} extending from a semi-circular base (168). Flanges (171, 173) each comprise
a respective opening {175, 177). Clamp arm {44) 1s rotatably coupled to lower distal
shaft element (170} via a pair of mwardly extending integral pins (41, 45). Pins (41, 45)
extend mwardly from arms (156} of clamp arm (44} and are rotatably disposed within
respective openings {175, 177} of lower distal shaft element {(170).  As shown n FIGS.
T0A-10C, longitudinal translation of cable (174} causes longitudinal translation of lower
distal shaft element (170) between a proximal position (FIG. 10A) and a distal position
(FIG. 10C). Longitudinal translation of lower distal shaft element (170) causes rotation
of clamp arm (44) between a closed position (FEG 10A) and an open position (FIG.

10C).

{000125] Blade (160} of the present example is operable to vibrate at vltrasonic frequencies
i order to effectively cut through and seal tissue, particularly when the tissue 1s being
compressed between clamp pad (46) and blade (160). Blade (160) is posttioned at the
distal end of an acoustic drivetrain. This acoustic drivetrain inclodes transducer assembly
{12} and an acoustic waveguide (180}, Acoustic waveguide {180) comprises a flexible
portion {166}, Transducer assembly (12} includes a set of piezoelectric discs (not shown)
located proximal to a horn (not shown) of waveguide (180}, The piezoelectric discs are
operable to convert electrical power into ultrasonic vibrations, which are then transnutted
along waveguide {180), including flexible portion (166} of waveguide (180} to blade
(160} in accordance with known configurations and techniques. By way of example
only, this portion of the acoustic drivetrain may be configured in accordance with various

teachings of various references that are cited herein.

[000126] As best seen in FIG. 3, flexible portion (166} of waveguide (180) includes a distal
tlange (136}, a proximal flange (138), and a narrowed section (164) located between
flanges (136, 138). In the present example, flanges (136, 138} are located at positions
corresponding to nodes associated with resonant ultrasonic vibrations comununicated
through flexible portion (166) of waveguide (180). Narrowed section (164} 1s configured

to allow flexible portion (166) of waveguide (180) to flex without significantly affecting
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the ability of flexible portion (166} of waveguide (180) to transmit ultrasonic vibrations.
By way of example only, narrowed section (164) may be configured in accordance with
one or more teachings of US. Pub. No. 2014/0005701 and/or US. Pub. No.
2014/0114334, the disclosures of which are incorporated by reference herein. It should
be understood that wavegude (180} may be configured to amplify mechanical vibrations
transmittted through waveguide {180). Furthermore, waveguide {180) may include
features operable to control the gain of the longitudinal vibrations along waveguide (180)
and/or features to tune waveguide {180) to the resonant frequency of the system. Various
suitable ways in which waveguide (180) may be mechanically and acoustically coupled
with transducer assembly (12} will be apparent to those of ordinary skill in the art in view

of the teachings herein.

{660127] In the present example, the distal end of blade (160} 1s located at a position
corresponding to an anti-node  associated with  resonant ultrasonic  vibrations
commumnicated through flexible portion (166} of waveguide (180), in order to tune the
acoustic assembly to a preferred resonant frequency f, when the acoustic assembly is not
loaded by tissue. When transducer assembly (12} is energized, the distal end of blade
{160} 1s configured to move longitudinally in the range of, for example, approximately 10
to 500 microns peak-to-peak, and in some instances in the range of about 20 to about 200
microns at a predetermined vibratory frequency f, of, for example, 555 kHz. When
transducer assembly (12} of the present example is activated, these mechanical
oscillations are transmutted through waveguide (180} to reach blade (160), thereby
providing oscillation of blade (160} at the resonant ultrasonic frequency. Thus, when
tissue s secured between blade {160} and clamp pad (46), the ultrasonic oscillation of
blade (160) may simultaneously sever the tissue and denature the protemns in adjacent
tissue cells, thereby providing a coagulative effect with relatively hittle thermal spread. In
some versions, an electrical current may also be provided through blade (160) and clamp
arm {44) to also cauterize the tissue. While some configurations for an acoustic
trapsmission assembly and transducer assembly (12) bave been described, still other
suitable configurations for an acoustic transnmussion assembly and transducer assembly

{12} will be apparent to one or ordinary skill in the art in view of the teachings herein.
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Similarly, other suitable configurations for end effector (40) will be apparent to those of

ordinary skill in the art in view of the teachings herein.
[000128] B Exemplary Shaft Assembly and Articulation Section

[000129] Shaft assembly (30) of the present example extends distally from handle assembly
(20). As shown in FIGS. 2-7, shaft assembly (30) includes distal outer sheath (33} and a
proximal outer sheath (32) that enclose clamp arm (44} drive features and the above-
described acoustic transmission features. Shaft assembly (30) further includes an
articulation section (130), which 1s located at a distal portion of shaft assembly (30), with
end effector (40) being located distal to articulation section (130). As shown m FIG. 1, a
knob (31) 15 secured to a proximal portion of proximal outer sheath (32). Knob (31)1s
rotatable relative to body (22), such that shaft assembly (30} s rotatable about the
longitudinal axis defined by outer sheath {32), relative to handle assembly (20). Such
rotation may provide rotation of end effector (40}, articulation section (130), and shaft

assembly (30) unitanly. Of course, rotatable features may sumply be omitted «f desired.

{0006130] Articulation section {130) 15 operable to selectively position end effector (40} at
various lateral deflection angles relative to a longitudinal axis defined by outer sheath
{32). Articulation section {130} may take a variety of forms. By way of example only,
articulation section {130} may be configured in accordance with one or more teachings of
U.S. Pub. No. 2012/0078247, the disclosure of which s incorporated by reference herein.
As another merely illustrative example, articulation section {130} may be configured in
accordance with one or more teachings of U.S. Pub. No. 2014/0005701 and/or U.S. Pub.
No. 2014/0114334, the disclosures of which are incorporated by reference herein
Various other suitable forms that articulation section (130) may take will be apparent to
those of ordinary skill in the art in view of the teachings herein. As yet another merely
tlustrative example, articulation section (130} may be configured in accordance with one
or more teachings of U.S. Pub. No. 2012/0078248, entitled “Articulation Joint Features
tor Articulating Surgical Device,” published March 29, 2012, the disclosure of which is

mcorporated by reference herein.
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[000131} As best seen in FIGS. 2-6B articulation section (130} of this example comprises a
set of three retention collars {133) and a pair of ribbed body portions (132, 134}, with a
pair of articulation bands {140, 142} extending along respective channels (135, 137)
defined between interior surfaces of retention collars (133} and exterior surfaces of ribbed
body portions (132, 134). Rubbed body portions (132, 134} are longitudinally positioned
between flanges (136, 138) of flexible portion (166) of waveguide (180). In some
versions, ribbed body portions (132, 134} snap together about flexible portion (166} of
waveguide (180}, Ribbed body portions {132, 134} are configured to flex with flexible
portion (166) of waveguide {180} when articulation section {130) bends to achigve an

articulated state.

{606132] FIG. 3 shows nibbed body portions (132, 134) n greater detail. In the present
example, ribbed body portions {132, 134) are formed of a flexible plastic material, though
it should be understood that any other suitable material may be used. Ribbed body
portion {132) comprises a3 set of three ribs (150} that are configured to promote lateral
tlexing of nibbed body portion (132). Of course, any other suitable number of ribs (150)
may be provided. Ribbed body portion (132} also defines a channel (135) that s
configured to receive articulation band (140) while allowing articulation band (140) to
slide relative to ribbed body portion (132). Similarly, ribbed body portion (134)
comprises a set of three ribs (152) that are configured to promote lateral flexing of ribbed
body portion (134). Of course, any other suitable number of ribs (152} may be provided.
Ribbed body portion (134) also defines a channel (137} that is configured to receive
articulation band (142) while allowing articulation band (142) to shide relative to ribbed

body portion (137}

{000133] As best seen in FIG 5, nibbed body portions (132, 134) are laterally interposed
between articulation bands (140, 142} and flexible portion (166) of waveguide (180).
Ribbed body portions (132, 134) mate with each other such that they together define an
mternal passage sized to accommodate tlexible portion (166} of waveguide (180} without
contacting wavegwide (180). In addition, when ribbed body portions (132, 134) are
coupled together, a pawr of complementary distal notches (131A, 131B) formed in ribbed

body portions (132, 134) align to receive a pair of inwardly projecting resilient tabs (38)
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of distal outer sheath (33). This engagement between tabs (38) and notches (131A,
I31B) longitudinally secures ribbed body portions (132, 134) relative to distal outer
sheath (33). Simularly, when ribbed body portions (132, 134) are coupled together, a paw
of complementary proximal notches (139A, 1398} formed in nibbed body portions (132,
134) align to receive a pair of inwardly projecting resilient tabs (37) of proximal outer
sheath (32). This engagement between tabs (37) and uvotches (139A, 139B)
tongitudinally secures ribbed body portions {132, 134} relative to proximal outer sheath
(32}). Of course, any other suitable kinds of features may be used to couple ribbed body

portions (132, 134) with proximal outer sheath (32} and/or distal outer sheath (33).

{B00134] The distal ends of articulation bands (140, 142} are unitanly secured to upper
distal shaft element {172). When articulation bands (140, 142) translate longitudinally
an opposing fashion, this will cause articulation section (130} to bend, thereby laterally
deflecting end effector (40} away from the longitudinal axis of shaft assembly (30) from a
straight configuration as shown i FIG. 6A to an articelated configuration as shown in
FIG. 6B. In particular, end effector (40) will be articulated toward the articulation band
(140, 142) that is being pulled proxamally. During such articulation, the other articulation
band {140, 142) may be pulled distally by upper distal shaft element (172). Alternatively,
the other articulation band (140, 142) may be driven distally by an articulation control.
Ribbed body portions (132, 134) and narrowed section (164) are all sufficiently flexible
to accommodate the above-described articulation of end effector (40} Furthermore,
tlexible acoustic waveguide (166} is configured to effectively communicate ultrasonic
vibrations from waveguide (180} to blade (160} even when articulation section (130} 15 in

an articulated state as shown mn FIG. 6B.

{000135] As best seen in FIG 3, each flange (136, 138} of waveguide (180} includes a
respective pair of opposing flats (192, 196). Flats (192, 196} are oriented along vertical
planes that are parallel to a vertical plane extending through narrowed section {164} of
flexible portion (166). Flats (192, 196} are configured to provide clearance for
articulation bands (140, 142). lo particular, flats (196) of proximal flange (138)
accommodate articulation bands (140, 142) between proximal flange (138} and the mnner

diaroeter of proximal outer sheath (32) while flats (192) of distal flange (136)
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accommeodate articulation bands (140, 142) between distal flange (136) and the mner
diameter of distal outer sheath (33}, Of course, flats {192, 196} could be substituted with
a variety of features, mcluding but not limited to slots, channels, etc., with any suitable
kind of profile (e.g., square, flat, round, etc.}. In the present example, flats {192, 196) are
formed m a milling process, though it should be understood that any other suitable
process{es) may be used. Various suitable alternative configurations and methods of
forming flats (192, 196} will be apparent to those of ordinary skill in the art in view of the
teachings herem. It should also be understood that wavegude (180) may mclude flats
formed 1n accordance with at least some of the teachings of U.S. Pub. No. 2013/0289592,
entitled “Ultrasonic Device for Cutting and Coagulating,” filed April 23, 2013, the

disclosure of which is mcorporated by reference herein.

{660136] In the present example, outer rings (133) are located at longitudinal positions
corresponding to ribs (150, 152}, such that three rings (133) are provided for three ribs
(150, 152}, Articulation band {140) s laterally interposed within channel (135) between
rings (133} and ribbed body portion (132); while articulation band (142} 15 laterally
mterposed within channel (137} between rings (133} and nibbed body portion (134).
Rings {133} are configured to keep articulation bands (140, 142} in a parallel relationship,
particularly when articulation section (130} 1s in a bent configuration (e.g., similar to the
configuration shown in FIG. 6B). In other words, when articulation band (140} is on the
inner diameter of a curved configuration presented by a bent articulation section {130},
rings {133} may retain articulation band (140) such that articulation band {140) follows a
curved path that complements the curved path followed by articulation band (142). It
should be understood that channels (135, 137} are sized to accommodate respective
articulation bands (140, 142) in such a way that articulation bands (140, 142} may still
tfreely shide through articulation section {130}, even with rings {133} being secured to
ribbed body portions (150, 152). I should also be understood that rings (133) may be
secured to ribbed body portions (132, 134) 1n various ways, including but not limited to

mterference fitting, adhesives, welding, ete.

(806137} When articulation bands (140, 142) are translated longitudinally in an opposing

fashion, a moment 15 created and apphied to a distal end of distal outer sheath (33) via
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upper distal shaft element (172). This causes articulation section (130) and narrowed
section {164} of flexible portion (166) of wavegumde (180) to articulate, without
transferring axsal forces in articulation bands (140, 142) to wavegwide (180}, It should be
understood that one articulation band (140, 142} may be actively driven distally while the
other articulation band (140, 142} i3 passively permitted to retract proximally.  As
another merely illustrative example, one articulation band {140, 142) may be actively
driven proximally while the other articulation band {140, 142} 15 passively permitted to
advance distally. As vet another merely illustrative example, one articulation band (140,
142} may be actively driven distally while the other articulation band (140, 142) s
actively driven proximally. Various suitable ways in which articulation bands {140, 142)
may be driven will be apparent to those of ordinary skill in the art in view of the

teachings herein.

{000138] As best seen in FIG. 9, an articulation control assembly {100) is secured to a
proximal portion of outer sheath (32). Articulation control assembly (100) comprises a
housing {110) and a rotatable knob (120}, Housing (110} comprises a pair of
perpendicularly intersecting cylindrical portions (112, 114). Knob (120) 1s rotatably
disposed within a first hollow cylindrical portion (112 of housing {110) such that knob
(120} 1s operable to rotate within cylindrical portion (112} of housing (110},  Shaft
assembly (30} 1s slidably and rotatably disposed within a second cylindrical portion
(114). Shaft assembly (30} comprises a pair of translatable members (161, 162}, both of
which extend slidably and longitudinally through the proximal portion of outer sheath
(32). Translatable members (161, 162} are longitudinally translatable within second
cylindrical portion {114} between a distal position and a proximal position. Translatable
members {161, 162) are mechanically coupled with respective articulation bands (140,
142} such that longitudinal translation of translatable member (161) causes longitudinal
transiation of articulation band (140), and such that longitudinal transiation of translatable

member (162) causes longitudinal translation of articulation band (142},

{000139] Knob (120) comprises a pair of pins (122, 124) extending downwardly from a
bottom surface of knob (120). Pins (122, 124) extend into second cylindrical portion

{(114) of housing (110} and are rotatably and shidably disposed within a respective pair of
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channels (163, 164) formed m top surfaces of translatable members (161, 162). Channels
(163, 164) are positioned on opposite stdes of an axis of rotation of knob (120}, such that
rotation of konob {120) about that axis causes opposing longitudinal translation of
transiatable members (161, 162). For 1nstance, rotation of knob (120} m a first direction
causes distal longitudival translation of translatable member (161} and articulation band
(140}, and proximal longitudinal transiation of translatable member (162} and articulation
band (142}; and rotation of knob (120} in a second direction causes proximal longitudinal
translation of translatable member (161} and articulation band (140}, and distal
longitudinal translation of translatable member (162} and articulation band {(142). Thus,
it should be understood that rotation of rotation knob (120} causes articulation of

articulation section (130).

{660140] Housing {110} of articulation control assembly (100} comprises a pair of set
screws {111, 113} extending inwardly from an interior surface of first cylindrical portion
(112). With knob (120) rotatably disposed within first cylindrical portion (112) of
housing {110), set screws (111, 113} are shdably disposed within a pair of arcuate
channels (121, 123} formed in knob (120). Thus, it should be understood that rotation of
knob {120) will be limited by movement of set screws (111, 113) within channels (121,
123). Set screws (111, 113} also retain knob (120} in housing (110}, preventing knob

(120} from traveling vertically withun first cylindrical portion (112) of housing (110).

{000141] An interior surface of first cylindrical portion (112) of housing (110} comprises a
first angular array of teeth (116) and a second angular array of teeth (118) formed 1n an
interior surface of first cylindrical portion (112). Rotation knob (120} comprises a pair of
outwardly extending engagement members (126, 128) that are configured to engage teeth
{116, 118) of first cylindrical portion (112) in a detent relationship to thereby selectively
lock knob (120} in a particular rotational position. The engagement of engagement
members (126, 128} with teeth (116, 118) may be overcome by an operator applying
sufficient rotational force to knob (120); but absent such force, the engagement will
suffice to maintain the straight or articulated configuration of articulation section (130).
It should therefore be understood that the ability to selectively lock knob (120) in a

particular rotational posttion lock will enable an operator to selectively lock articulation
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section (130) in a particular deflected position relative to the longitudinal axis defined by

outer sheath (32}.

[000142] In some versions of mstrument (10), articulation section (130} of shaft assembly
(30) 1s operable to achieve articulation angles up to between approximately 15° and
approximately 30° both relative to the longitudinal axis of shaft assembly (30} when
shaft assembly (30} 1s in a straight (non-articulated) configuration.  Alternatively,
articulation section (130} may be operable to achieve any other suitable articulation

angles.

[000143] In some verstons of mstrument (10}, narrowed section (164) of waveguide (180)
has a thickness between approximately 0.01 inches and approximately 0.02 mnches.
Alternatively, narrowed section {164) may have any other suitable thickness. Also n
some versions, narrowed section (164} has a length of between approximately 0.4 inches
and approximately 0.65 mches.  Alternatively, narrowed section {164) may have any
other suitable length. [t should also be understood that the transition regions of
waveguide {(180) leading mto and out of narrowed section (164} may be quarter rounded,

tapered, or have any other suitable configuration.

{000144] In some versions of mstrument {10}, flanges (136, 138} each have a length
between approximately 0.1 inches and approximately 0.2 inches. Alternatively, flanges
{136, 138) may have any other suttable length. It should also be understood that the
length of flange {136} may differ from the length of flange (138). Also in some versions,
tlanges (136, 138) each have a diameter between approximately 0.175 inches and
approximately 0.2 inches. Alternatively, flanges {136, 138} may have any other suitable
outer diameter. It should also be understood that the outer diameter of flange (136) may

differ from the outer diameter of flange (138}

{6060145] While the foregoing exemplary dimensions are provided in the context of
mstrument (10} as described above, it should be understood that the same dimensions
may be used in any of the other examples described herein. It should also be understood
that the foregoing exemplary dimensions are merely optional.  Any other suitable

dimensions may be used.
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[000146] IL Exemplary Alternative  Articulation Control  Configurations  with

Perpendicular Rotary Knob

[0006147] When an operator wishes to control articulation of articulation section (130) in
mstrument (10} as described above, the operator may need to use both hands. In
particular, the operator may need to grasp pistol grip (24} with one hand and grasp knob
{120) with the other hand, holding handle assembly (20} stationary via pistol grip {24)
while the operator rotates knob (120} It may be desirable to provide control of
articulation section {130) without requuring the operator to use both hands. This may
enable the operator to have a free hand to grasp other mstruments or otherwise use as
they see fit. An exemplary alternative instrument {200) 1s described below in which an
operator may firmly grasp instrament (200} and control articulation of an articulation
section (330) using just one single hand.  Various suitable ways in which the below
teachings may be modified will be apparent to those of ordinary skill in the art in view of

the teachings herein.
[600148] A, Overview

[800149] FIGS. 11-27C depict an exemplary electrosurgical instrument (200} that mcludes
a handle assembly (220}, a shaft assembly (230} extending distally from handle assembly
(220}, and an end effector {240} disposed at a distal end of shaft assembly (230). Handle
assembly (220} of the present example comprises a body {222) including a pistol grip
(224) and a button (226). Handle assembly (220} also mcludes a trigger {228) that s
pivotable toward and away from pistol grip {224) to selectively actuate end effector (240)
as described above and as described in one or more of the references cited herein. 1t
should be understood, however, that various other suitable configurations may be used,
mcluding but not limited to a scissor grip configuration. End effector (240} includes an
ultrasonic blade (260} and a pivoting clamp arm (244). Clamp arm (244) 1s coupled with
trigger {228) such that clamp arm (244) s pivotable toward ultrasonic blade (260} in
response to pivoting of trigger {228) toward pistol grip (224); and such that clamp arm
(244) s pivotable away from ultrasonic blade {(260) in response to pivoting of trigger
(228) away from pistol grip (224). Various suitable ways in which clamp arm (244) may

be coupled with trigger {(228) will be apparent to those of ordinary skill in the art in view

5.



WO 2016/168558 PCT/US2016/027693

of the teachings herein. In some versions, one or more resilient members are used to bias

clamp arm {244) and/or trigger {223} to the open position shown in FIGS. 11 and 12,

{000150] An ultrasonic transducer assembly (212} extends proximally from body (222) of
handle assembly (220). Transducer assembly (212} 1s coupled with a generator (216} via
a cable (214), such that transducer assembly (212) receives electrical power from
generator (216}, Piezoelectric elements m transducer assernbly (212} convert that
electrical power into ultrasonic vibrations. Generator {216) may mnclude a power source
and control module that s configured to provide a power profile to transducer assembly
(212) that 1s particularly suited for the generation of ultrasonic wvibrations through
transducer assembly (212). By way of example only, generator (216} may comprise a
GEN 300 sold by Ethicon Endo-Surgery, Inc. of Cincinnati, Ohto. In addition or in the
alternative, generator (216} may be constructed in accordance with at least some of the
teachings of U.S. Pub. No. 2011/0087212, entitled “Surgical Generator for Ultrasonic and
Electrosurgical Devices,” published April 14, 2011, the disclosure of which s
imcorporated by reference herein. It should also be understood that at least some of the
functionality of generator (216) may be integrated into handle assembly (220), and that
handle assembly (220} may even include a battery or other on-board power source such
that cable (214) 1s omitted. Still other suitable forms that generator (216} may take, as
well as various features and operabilities that generator (216} may provide, will be

apparent to those of ordinary skill in the art in view of the teachings herein.

[000151] An operator may activate button (226) to selectively activate transducer assembly
{212} to thereby activate ultrasonic blade {260} In the present example, a single button
(226) 1s provided. Button (226) may be depressed to activate ultrasonic blade (260) at a
low power and to activate ultrasonic blade (260} at a hugh power. For instance, button
(226) may be pressed through a first range of motion to activate ultrasonic blade (260) at
a low power; and through a second range of motion to activate ultrasonic blade {(260) at a
high power. Of course, any other suitable number of buttons and/or otherwise selectable
power levels may be provided. For mstance, a foot pedal may be provided to selectively
activate transducer assernbly (212). Button (226) of the present example is positioned

such that an operator may readily fully operate mstrument (200) with a single hand. For
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nstance, the operator may position their thumb about pistol grip (224), position thew
muddle, ring, and/or hittle finger about trigger (228}, and manipulate button {226) using
their index finger. Alternatively, any other suitable technigues may be used to grip and

operate mstrument (200}); and button {226) may be located at any other suitable posttions.

[B00152] In some verstons, button {226) also serves as a mechanical lockout against trigger
{224), such that trigger (224} cannot be fully actuated unless button {226} 1s being
pressed simultaneously. Examples of how such a lockout may be provided are disclosed
i one or more of the references cited heren. It should be understood that pistol grip
(222), tnigger (224}, and button (226) may be modified, substituted, supplemented, etc.

any switable way, and that the descriptions of such components heren are merely

itustrative.
{0006153] B. Exemplary End Effector and Acoustic Drivetrain
[000154] As best seen mn FIGS. 11 and 12, end effector (240) of the present example

comprises clamp arm (244) and ultrasonic blade (260). Clamp arm (244} mcludes a
clamp pad (246} that is secured to the underside of clamp arm (244), facing ultrasonic
blade (260). Clamp pad (246} may comprise PTFE and/or any other suitable material{s).
Clamp arm {244} 1s operable to selectively pivot toward and away from ultrasonic blade

(260} to selectively clamp tissue between clamp arm (244} and blade (260).

800155 As with clamp arm (44) discussed above, clamp arm (244} of the present example
is pivotally secured to a cable (274). Cable (274) 1s shidably disposed within an outer
sheath (232} of shaft assembly {230} as shown in FIGS. 15-16. Cable (274} 1s operable to
translate longitudinally relative to an articulation section (330} of shaft assembly (230} to
selectively pivot clamp arm (244} toward and away from blade (260). In particular, cable
{274} 1s coupled with trigger (228} such that cable (274) translates proximally in response
to pivoting of trigger (228) toward pistol grip (224}, and such that clamp arm (244)
thereby pivots toward blade {260} in response to pivoting of trigger {228) toward pistol
grip {224y In addition, cable (274} translates distally in response to pivoting of trigger
(228) away from pistol grip (224}, such that clamp arm (244} pivots away from blade
(260) 1n response to pivoting of trigger (228} away from pistol grip (224). Clamp arm
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{244y may be biased toward the open position, such that (at least in some instances) the
operator may effectively open clamp arm (244) by releasing a grip on trigger {228), It
should be understood that clamp arm (244} 1s merely optional, such that clamp arm (244)

may be omitted if desired.

[0006156] Blade (260} of the present example 1s operable to vibrate at ultrasonic frequencies
mn order to effectively cut through and seal tissue, particularly when the tissue is being
compressed between clamp pad (246) and blade (260). Blade (260} 1s positioned at the
distal end of an acoustic drivetrain. This acoustic drivetrain mcludes transducer assembly
(212) and an acoustic wavegude (280). Acoustic wavegude (280} comprises a flexible
portion {266). Transducer assembly (212} includes a set of piezoelectric discs {not
shown)} located proximal to a horn (not shown} of waveguide (280). The piezoelectric
discs are operable to convert electrical power into ultrasonic vibrations, which are then
transmitted along waveguide (280), including flexible portion (266} of waveguide (280)
to blade (260} in accordance with known configurations and techniques. By way of
example only, this portion of the acoustic drivetrain may be configured in accordance

with various teachings of various references that are cited herein.

{660157] As with flexible portion (166} of waveguide (180} discussed above, flexibie
portion {266) of wavegiide (280) includes a narrowed section (264). Narrowed section
(264} is configured to allow flexible portion (266} of wavegwide (280) to flex without
significantly affecting the ability of flexible portion (266} of waveguide (280) to transmit
ultrasonic vibrations. By way of example only, narrowed section (264} may be
configured in accordance with one or more teachings of U.S. Pub. No. 2014/0005701
and/or US. Pub. No. 2014/0114334, the disclosures of which are incorporated by
reference herein. It should be understood that waveguide (280} may be configured to
amplify mechanical vibrations transmitted through waveguide (280). Furthermore,
waveguide (280} may include features operable to control the gain of the longitudinal
vibrations along waveguide (280} and/or features to tune waveguide (280} to the resonant
frequency of the system. Various suitable ways in which waveguide {280) may be
mechanically and acoustically coupled with transducer assembly (212) will be apparent

to those of ordinary skill in the art in view of the teachings herein.
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[000158] In the present example, the distal end of blade (260} 1s located at a position
corresponding to an anti-node associated with resonant ultrasonic vibrations
commumicated through flexible portion (266} of waveguide (280), 1 order to tune the
acoustic assembly to a preferred resonant frequency f, when the acoustic assembly 15 not
loaded by tissue. When transducer assembly (212} 15 energized, the distal end of blade
(260} 1s configured to move longitudimally in the range of, for example, approximately 10
to SO0 microns peak-to-peak, and 1 some instances in the range of about 20 to about 200
microns at a predetermined vibratory frequency f, of, for example, 555 kHz  When
transducer assembly {212} of the present example is activated, these mechanical
oscillations are transmitted through waveguide (280) to reach blade (260), thereby
providing oscillation of blade (260} at the resonant ultrasonic frequency. Thus, when
tissue 1is secured between blade {260) and clamp pad (246}, the ultrasonic oscillation of
blade {200) may simultaneously sever the tissue and denature the proteins in adjacent
tissue cells, thereby providing a coagulative effect with relatively little thermal spread. In
some versions, an electrical current may also be provided through blade (260} and clamp
arm (244} to also cauterize the tissue. While some configurations for an acoustic
transmission assembly and transducer assembly (212} have been described, still other
suitable configurations for an acoustic transmission assembly and transducer assembly
(212) will be apparent to one or ordinary skill in the art in view of the teachings herein.
Similarly, other suitable configurations for end effector (240} will be apparent to those of

ordinary skill in the art in view of the teachings herein.
[000159] C. Exemplary Shaft Assembly and Articulation Section

[000160] Shaft assembly (230) of the present example extends distally from handle
assembly (220). As best seen in FIGS. 11 and 12, shaft assembly (230) includes distal
outer sheath (233) and a proximal outer sheath (232) that enclose the drive features of
clamp arm (244) and the above-described acoustic transmission features. Shaft assembly
(230} further includes an articulation section (330}, which s located at a distal portion of
shaft assembly (230}, with end effector (240) being located distal to articulation section

(330).
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[000161] Articulation section {330) of the present example 13 configured and operable
substantially simidar to articulation section {130) discussed above except for the
differences discussed below. In particular, articulation section (330} 15 operable to
selectively position end effector (240) at various lateral deflection angles relative to a
tongitudinal axis defined by outer sheath (232).  Articulation section (330} may take a
variety of forms. By way of example only, articulation section (330} may be configured
n accordance with one or more teachings of U.S. Pub. No. 2012/0078247, the disclosure
of which 1s mncorporated by reference herein.  As another merely llustrative example,
articulation section (330) may be configured in accordance with one or more teachings of
LS. Pub. No. 2014/06005701 and/or U.S. Pub. No. 2014/0114334, the disclosures of
which are incorporated by reference herein. Various other suitable forms that articulation
section (330} may take will be apparent to those of ordinary skill in the art 1n view of the

teachings hergin.

{0660162] As shown in FIGS. 15-16, shaft assembly {230} further comprises a pair of
articulation bands (340, 342) and a pair of translatable rods (440, 442).  Articulation
bands (340, 342} are configured to operate substantially similar to articulation bands
{140, 142} discussed above, except for any differences discussed below. For mnstance,
when articulation bands (340, 342) translate longitudinally in an opposing fashion, this
will cause articulation section (330) to bend, thereby laterally deflecting end effector
(240) away from the longitudinal axis of shaft assembly (230) from a straight
configuration as shown in FIG. 27A to an articulated configuration as shown in FIGS.
278 and 27C. In particular, end effector (240} will be articulated toward the articulation
band (340, 342) that 1s being pulled proximally. During such articulation, the other
articulation band (340, 342) may be pulled distally. Alternatively, the other articulation
band (340, 342} may be driven distally by articulation control assembly (400), which is
described 1n greater detail below. Flexible acoustic waveguide (266} 1s configured to
effectively communicate ultrasonic vibrations from waveguide (280) to blade (260) even

when articulation section (330) 15 10 an articulated state as shown in FIGS. 27B and 27C.

[060163] Translatable members {440, 442) are shidably disposed within the proximal

portion of outer sheath (232). Translatable members (440, 442) extend longitudmally
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through the proximal portion of outer sheath (232) along oppostie sides of outer sheath
(232} and adjacent an interior surface of outer sheath (232). As shown in FIG 16, an
elongate recess (444} 15 formed n an exterior surface of a distal portion of each
transiatable member (440, 442). Elongate recesses {444} are configured to receive a
proximal portion of each articulation band (340, 342). Each translatable member (440,
442} further mcludes a pin (443) projecting outwardly from an interior surface of each
elongate recess {444). An opening (341) formed in a proximal end of each articulation
band (340, 342) 1s configured to receive a respective pin (443} of translatable members
(440, 442). Pins {443) and openings {341, 343) thus function to mechanically couple
translatable members (440, 442} with articulation bands (340, 342} such that longitudinal
translation of translatable member (440} causes concurrent longitudinal translation of
articulation band (340), and such that longitudinal translation of translatable member

(442} causes concurrent longitudinal transiation of articulation band {342).

{600164] When translatable members (440, 442) and articulation bands (340, 342} are
translated longitudially in an opposing fashion, a moment 15 created and applied to a
distal end of distal outer sheath {233) in the same manner as described above with respect
to articulation section (130). This causes articulation section (330) and narrowed section
(264) of flexible portion (266) of waveguide (280) to articulate, without transferring axial
torces in articulation bands (340, 342) to waveguide (280) as described above. It should
be understood that one articulation band (340, 342) may be actively driven distally while
the other articulation band (340, 342} 1s passively permitted to retract proximally. As
another merely illustrative example, one articulation band (340, 342) may be actively
driven proximally while the other articulation band (340, 342) 1s passively permitted to
advance distally. As vet another merely illustrative example, one articulation band (340,
342y may be actively driven distally while the other articulation band (340, 342) 1s
actively driven proximally. Various suitable ways in which articulation bands (340, 342)
may be driven will be apparent to those of ordinary skill in the art in view of the

teachings herein.

[000165] As shown in FIGK. 11-14, a rotation knob (231} 1s secured to a proximal portion

of proximal outer sheath (232). Rotation knob {231) 1s rotatable relative to body {222},
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such that shaft assembly (230} 15 rotatable about the longitudinal axis defined by outer
sheath (232), relative to handle assembly (220). Such rotation may provide rotation of
end effector (240), articulation section (330}, and shaft assembly (230) unttanily. Of

course, rotatable features may simply be omitted if desired.
[0006166] D Exemplary Articulation Control Assembly

[000167] FIGS. 17-27C show the components and operation of an articulation control
assembly (400} that i1s configured to provide control for articulation of articulation section
(330). Articulation countrol assermbly (400) comprises an articulation control kuob (402)
and a bevel gear (404). Articulation control knob (402) 1s rotatably disposed within a
distal portion of body (222} of handle assernbly (220). As best seen in FIG 14,
articulation control knob (402) 1s onented within body (222) and relative to shaft
assembly (230} such that articulation control knob (402) 13 configured to rotate about an
axis that s perpendicular to the longitudinal axis defined by shaft assembly (230). A
portion of articulation control knob (402) 1s exposed relative to body (222} such that an
operator may engage articulation control knob (402} to thereby rotate articulation control
knob {402). For example, while gripping body (222) via pistol grip (224), an operator
may use his or her index finger or thumb to rotate articulation control knob (402). It
should therefore be understood that the operator may rotate knob (402} using the same
hand that grasps pistol grip (224). As will be described in more detail below, rotation of
articulation control knob {402} 1s configured to cause articulation of articulation section
(330). Since the operator may use the same hand to rotate knob (402) and simultaneously
grasp pistol grip (224), articulation control assembly (400) of this example provides full
control of mstrument (200} — including pivoting of trigger (228), actuation of button
{226), and actuation of knob (402) — with just one single hand, such the operator’s other
hand may be completely free during the entire period when any and all functionality of

mstrument {200} is being used.

000168} Articulation control assembly (400} further includes a structural frame (370)
secured within a proximal portion of an interior of body (222) of handle assembly (220)
such that structural frame (370) 1s configured to remain stationary within body (222). As

best seen i FIGS. 17 and 18, bevel gear (404} 15 rotatably disposed about a cylindrical
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projection (372} of structural frame (370). As best seen i FIG. 14, bevel gear (404) 13
mechanically coupled with articulation control kuob (402) via a slot (406) formed
bevel gear (404} and a mating key (408} projecting from a top surface of articulation
control knob (402) such that rotation of articulation control kuob (402} causes concurrent
rotation of bevel gear (404) about cylindrical projection (372) of structural frame (370).
Bevel gear (404) mcludes a plurality of teeth (410) and a detent feature (412). As will be
described in more detail below, teeth (410) of bevel gear (404) mesh with teeth {(439) of a
bevel gear (438) of a drive assembly (420), such that rotation of bevel gear (404} drives

articulation of articulation section {330).

{800169] Detent feature (412} 15 configured to selectively engage a complementary,
resiliently biased detent feature (223) of handle assembly (220} as best seen in FIG. 14,
Detent feature (412} 1s posttioned to engage detent feature (223} when control knob (402)
is rotated to a “neutral” position associated with articulation section (330} being 1in a
straight configuration. It should therefore be understood that detent features (224, 412)
may cooperate to provide the operator with tactile feedback via control knob (402} to
indicate that articulation section {330) is in the straight configuration. Detent features
(224, 412} may also cooperate to provide some degree of mechanical resistance to
rotation of knob (402) from the neutral position, thereby resisting inadvertent articulation
of articulation section (330} that might otherwise result from incidental contact between

knob (402) and the operator’s hand, etc.

{000170] In addition to or in lieu of including detent features (224, 412}, knob (402) may
include a visual indicator that 1s associated with articulation section (330} bemg in a
substantially straight configuration.  Such a wvisual indicator may align with a
corresponding visual indicator on body (222) of handle assembly (220). Thus, when an
operator has rotated knob (402) to make articulation section (330) approach a
substantially straight configuration, the operator may observe such indicators to confirm
whether articulation section (330} has in fact reached a substantially straight
configuration. By way of example only, this may be done right before instrument (200}
1s withdrawn from a trocar to reduce the hikelihood of articulation section (330) snagging

on a distal edge of the trocar. Of course, such mdicators are merely optional.
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[000171} As best seen in FIG. 17, articulation control assembly (400} further comprises a
drive assembly {(420). Drive assembly (420} 1s secured to a proximal portion of proximal
outer sheath {232). Drive assembly (420} 15 further rotatably disposed within rotation
knob (231} such that rotation knob (231) 15 configured to rotate independently about
drive assembly (420} to thereby cause rotation of shaft assembly (230} without causing

rotation of drive assembly (420},

[00606172] Drive assembly (420) comprises a housing (430}, a pawr of lead screws (450, 460),
and a cyhindrical guide (470). Housing {430) comprises a pair of mating semi-cyhindrical
shrouding halves {432, 434} and a bevel gear (438). When coupled to one another,
shrouding halves {432, 434) form a cylindrical shroud (431). A proximal end of shroud
(431} 13 coupled with and closed-off by bevel gear (438). Shroud (431}, together with
bevel gear (438), form housing {430} which substantially encompasses the internal

components of drive assembly (420} as will be described in more detail below.

[066173] Bevel gear (438) includes a plurality of teeth (439). Teeth (439) of bevel gear
(438) are configured to engage teeth (410} of bevel gear (404) such that rotation of bevel
gear (404} causes concurrent rotation of bevel gear (438} It should therefore be
understood that rotation of articulation control knob (402) 1s configured to cause

concurrent rotation of housing (430) via bevel gears (404, 438).

{000174] As best seen in FIG. 18, shrouding halves {432, 434} each imnclude proximal
mternal threading {433 A) formed in an mterior surface of each shrouding half (432, 434).
Internal threadings (433A) are configured to align with one another when shrouding
halves (432, 434) are coupled together to form a continuous internal proximal threading
{433} within housing (430}. Shrouding halves {432, 434} each further include distal
internal threading (435A) formed in an interior surface of each shrouding half (432, 434).
Internal threadings (435A) are configured to align with one another when shrouding
halves (432, 434) are coupled together to form a continuous internal distal threading
(435) within housing (430). Threadings {433, 435) have opposing pitch angles or
orientations in this example, such that the pitch orientation of threading (433) 1s opposite

the pitch orientation of threading (435).
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[800175] As shown in FIGS. 20-21, a first lead screw (430) includes exterior threading
(452} that 15 configured to engage with threading (433} of housing (430). As shown
FIGS. 22-23 a second lead screw (460} mcludes exterior threadimg (462) that i3
configured to engage with threading (435} of housing (430}, The pitch angle of threading
{452) complements the pitch angle of threading (433); while the pitch angle of threading
(462} complements the pitch angle of threading (435). As described in greater detail
below, both lead screws (450, 460) are permitted to translate within drive assembly (420)
but are prevented from rotating within drive assembly (420). Tt should therefore be
understood that, due to the opposing pitch angles, rotation of housing {430} in a first
direction will drive lead screw (450} distally while simultaneously driving lead screw
(460} proximally; and rotation of housing (430} in a second direction will drive lead

screw (450} proximally while simultaneously driving lead screw (460) distally.

{0006176] As best seen in FIGS. 21 and 23, a through-bore (454, 464) formed in each lead
screw (450, 460} mcludes a pair of recesses (456, 460} formed in radially opposing sides
of an interior surface of through-bores (454, 464). Cylindrical guide (470} 1s positioned
within housing {430} about the proximal portion of outer sheath (232). As shown in
FIGS. 24A and 24B, cvlindrical guide (470) 15 secured to a distal end of structural frame
(370} via a pair of semi-circular recesses {374} formed in the distal end of structural
frame (370} and a pair of semi-circular projections (476} extending proximally from
cylindrical gmde (470). Thus, with structural frame (370) secured within the proximal
portion of the interior of body (222) of handle assembly (220} as described above,
cylindrical guide (470) i1s configured to remain stationary within housmg (430). A
bearing member {436) i1s coupled to a distal end of cylindrical guide (470} via a pair of
semi-circular recesses {(437) formed in bearing member (436} and a pair of semi-circular
projections (478) extending distally from cyhindrical guide (470). A circular flange (441)
of bearing merober (436) 1s rotatable disposed within a pair of mating circular recesses
{451 A) formed n a distal end of shroud halves (432, 434) such that housing (430) 1s

operable to rotate about bearing member (436).

(806177} As best seen in FIGS. 24A and 24B, cylindrical guide (470) comprises a proximal

pair of longitudinal tracks {(472) and a distal pair of longitudinal tracks (474) formed in
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opposing sides of a sidewall of cylindrical guide (470). As shown m FIG. 25, proximal
longitudinal tracks (472} are configured to be received within recesses {456) of first lead
screw {450} such that first lead screw (450} 1s shdably disposed along proximal
longitudinal tracks (472). As shown in FIG. 26, distal longitudinal tracks {474) are
configured to be received within recesses {466) of second lead screw (460} such that
second lead screw (460) 1s slidably disposed along distal longitudinal tracks {474). Thus,
lead screws (450, 460) are operable to translate within housing (430} but are prevented

from rotating within housing (430).

{00606178] As shown in FIG. 25, first lead screw (450) is secured to a proximal end of
translatable member (440} via a coupler (458}, An exterior surface of coupler (458} 13
secured to an interior surface of through-bore (454) of first lead screw (450). A key
(459} of coupler (458} is positioned within a mating slot (447} formed in the proximal
end of translatable member (440) such that longitudinal translation of first lead screw
(450) causes concurrent translation of translatable member (440) and articulation band
(340). Thus, in the present version, first lead screw (450) 1s operable to both push
articulation band (340} distally and pull articulation band (340} proximally, depending on
which direction housing (430} is rotated.  Other switable relationships will be apparent to

those of ordinary skill in the art in view of the teachings herein.

{660179] As shown in FIG. 26, second lead screw {460} is secured to a proximal end of
transiatable member (442) via a coupler (468). An exterior surface of coupler (468) is
secured to an interior surface of through-bore (464} of second lead screw (460} A key
{469) of coupler {468} is positioned within a mating slot (449) formed in the proximal
end of translatable member (442} such that longitudinal translation of second lead screw
{460) causes concurrent translation of translatable member (422) and articulation band
(342). Thus, in the present version, second lead screw (460) 15 operable to both push
articulation band (342} distally and pull articulation band (342) proximally, depending on
which direction housing (430) 1s rotated. Other suitable relationships will be apparent to

those of ordinary skill in the art in view of the teachings herein.

000180 FIGS. 27A-27C show several of the above described components interacting to

bend articulation section {330) to articulate end effector (240} in response to rotation of
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knob (402) relative to handle asserubly (220). It should be understood that in FIGS. 27A-
27C depicts a side elevational view of handle assembly {220} and a top plan view of shaft
assembly (230}, including articulation section {330). In FIG. 27A, articulation section
(330} 1s 1n a substantially straight configuration. Then, housing (430} 1s rotated by
rotation of articulation knob {(402). In particular, rotation of articulation knob (402} i3
communicated to housing (430} via meshing bevel gears (410, 438} The resulting
rotation of housing (430} which causes first lead serew (450) to translate proximally and
second lead screw (460) to advance distally. This proximal translation of first lead screw
(450} pulls articulation band (340} proximally via transiatable member (440}, which
causes articulation section (330} to start bending as shown i FIG. 27B. This bending of
articulation section (330} pulls articulation band (342} distally. The distal advancement
of second lead screw {460} in response to rotation of housing (430} enables articulation
band (342) and translatable member (442} to advance distally. In some other versions,
the distal advancement of second lead screw (460} actively drives translatable member
(442} and articulation band (342) distally. As the operator continues rotating housing
{430) by rotating articulation knob (402), the above described interactions continue in the
same fashion, resulting in further bending of articulation section (330) as shown in FIG.

27¢C.

000181} It should be understood that, after reaching the articulation state in FIG 27C by
rotating knob (402) m a first direction, rotation of knob (402) in a second (opposite)
direction will cause articulation section (330} to return to the straight configuration
shown in FIG. 27A. As noted above, detent features (224, 412) may cooperate to provide
tactile feedback via knob (402} to indicate that articulation section (330} has reached the
straight configuration. Still further rotation of knob (402) in that second direction will
eventually result in articulation section (330} deflecting in a direction opposite to that

shown i FIGS. 278-27C.

[000182] The angles of threading (433, 435, 452, 462} are configured such that articulation
section (330) will be effectively locked mn any given articulated position, such that

transverse loads on end effector (240) will generally not bend articulation section (330},

o

due to friction between threading (433, 435, 452, 462). In other words, articulation

-
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section {330) will only change its configuration when housing (430) 1s rotated via knob
(402). While the angles of threading may substantially prevent bending of articulation
section {330} 1n response to transverse loads on end effector (240), the angles may still
provide ready rotation of housing (430} to translate lead screws (450, 460). By way of
example only, the angles of threading (433, 435, 452, 462) may be approximately +/- 2
degrees or approxamately +/- 3 degrees. Other suitable angles will be apparent to those of
ordinary skill in the art tn view of the teachings heremn. It should also be understood that
threading (433, 435, 452, 462} may have a square or rectangular cross-section or any

other suitable configuration.

{B00183] In some mnstances, manufacturing inconsistencies may result m articulation bands
(340, 342} and/or translatable members {440, 442) having shightly different lengths. In
addition or in the alternative, there may be inherent manufacturing related inconsistencies
in the initial positioning of lead screws (450, 460} relative to housing (430} and/or other
inconsistencies that might result in undesirable positioning/relationships of articulation
bands (340, 342) and/or translatable members {440, 442). Such inconsistencies may
result in lost motion or slop in the operation of the articulation features of mstrument
(200). To address such issues, tensioner gears {(not shown) may be incorporated into
drive assembly (420) to adjust the longitudinal position of translatable members (440,
442) relative to lead screws (450, 460). Lead screws (450, 460} may remain substantially
stationary during such adjustments. Articulation section (330) may remain substantially
straight during such adjustments and may even be held substantially straight during such

adjustments.

[000184] In addition to or in lieu of the foregoing, drive assembly (420} may be configured
and operable in accordance with at least some of the teachings of U.S. Pub No.
2013/0023868, entitled “Surgical Instrument with Contained Dual Helix Actuator
Assembly,” published January 24, 2013, the disclosure of which is incorporated by
reference herein; in US. Pub. No. 2012/0078243, entitled “Control Features for
Articulating Surgical Device,” published March 29, 2012, the disclosure of which is

mcorporated by reference heremn; and in U.S. Pub. No. 2012/0078244, entitled “Control
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Features for Articulating Surgical Device,” published March 29, 2012, the disclosure of

which 15 1ncorporated by reference herein,

[0060185] L Exemplary Motorized Articulation Control Assembly and Rigidizing
Merber
[000186] In some versions of wstruments (10, 200) 1t may be desirable to provide

motorized control of articulation section (130, 330). This may further promote single-
handed use of the nstrument, such that two hands are not required in order to control

articulation section {130, 300).

[660187] It may also be desirable to provide features that are configured to selectively
provide rigidity to articulation sections (130, 330). For mstance, because of various
factors such as manufacturing tolerances, design limitations, material limatations, and/or
other factors, some versions of articulation sections {130, 330} may be susceptible to
some “play” or other small movement of the articulation section despite being relatively
fixed 10 a given position, such that articulation sections (130, 330} are not entirely nigid.
It may be desirable to reduce or eliminate such play 1 articulation sections (130, 330},
particularly when articulation sections (130, 330) are 0 a straight, nov-articulated
configuration. Features may thus be provided to selectively nigidize articulation sections
(130, 330). Vartous examples of features that are configured to selectively provide
rigidity to articulation sections {130, 330) and/or to limit or prevent inadvertent deflection
of end effectors (40, 240) will be described in greater detail below. Other examples will
be apparent to those of ordinary skill in the art according to the teachings herein. It
should be understood that the examples of shaft assemblies and/or articulation sections
described below may function substantially similar to shaft assemblies (30, 230)

discussed above.

{6060188] It should also be understood that articulation sections (130, 330} may stll be at
least somewhat rigid before being modified to include the rigidizing features described
below, such that the rigidizing features described below actually just increase the rigidity
of articulation sections (130, 330} rather than introducing rigidity to otherwise non-rigid

articulation sections {130, 330). For instance, articulation sections (130, 330} in the
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absence of features as described below may be rigid enough to substantially maintain a
straight or articulated configuration; yvet may still provide “play” of about 1 mm or a
fraction thereof such that the already existing ngidity of articulation sections (130, 330)

29

may be increased. Thus, terms such as “provide ngidity,” “providing nigidity,”
“rigidize,” and “rigidizing,” etc. shall be understood to melude just mncreasing rigidity

3

that 15 already present in some degree. The terms ““provide nigidity,” “providing
ngidity,” “ngidize,” and “nigidizing,” ete. should not be read as necessanily requiring

articulation sections {130, 330} to completely lack nigidity before the nigidity s

“provided.”
000189 A, Overview
[B00150] FIGS. 28-30 show an exemplary ultrasonic surgical instrament (500) that is

configured to be used m mummally mvasive surgical procedures {(e.g., via a trocar or
other small diameter access port, etc.). As will be described i greater detail below,
mstrument {300} 1s operable to cut tissue and seal or weld tissue {e.g., a blood vessel,
etc.} substantially simultanecusly.  Instrument (500} of this example comprises a
disposable assembly (501} and a reusable assembly (502). The distal portion of reusable
assembly (502) is configured to removably receive the proximal portion of disposable
assembly (501), as seen i FIGS. 29-30, to form mstrument {5060). By way of example
only, instrument (500} may be configured and operable in accordance with at least some
of the teachings of US. Pat App. No. 14/623 812, entitled “Ultrasonic Surgical
Instrument with Removable Handle Assembly,” filed February 17, 2015, the disclosure

of which is incorporated by reference herein.

{000191] In an exemplary use, assemblies {501, 502) are coupled together to form
mstrument (500} before a surgical procedure, the assembled mstrument (500} is used to
perform the surgical procedure, and then assemblies (501, 502) are decoupled from each
other for further processing. In some instances, after the surgical procedure is complete,
disposable assembly (501} is immediately disposed of while reusable assembly (502) 1s
sterilized and otherwise processed for re-use. By way of example only, reusable
assembly (502} may be sterilized in a conventional relatively low temperature, relatively

low pressure, hydrogen peroxide stertlization process. Alternatively, reusable assembly
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(502) may be sterilized using any other suitable systems and techniques (e.g., autoclave,
etc.}). In some versions, reusable assembly (502) may be sterilized and reused
approximately 100 times. Alternatively, reusable assembly (502) may be subject to any
other suttable hife cycle. For mnstance, reusable assembly (502} may be disposed of after
a single use, if desired. While disposable assembly {501} 1s referred to herein as being
“disposable,” it should be understood that, 1 some mstances, disposable assembly (501)
may also be sterilized and otherwise processed for re-use. By way of example only,
disposable assembly (501} may be sterilized and reused approximately 2-30 times, using
any suitable systems and techniques. Alternatively, disposable assembly (501} may be

subject to any other suitable life cycle.

[006192] In some versions, disposable assembly (501) and/or reusable assembly (502)
mnchides one or more features that are operable to track usage of the corresponding
assembly (501, 502}, and selectively restrict operability of the corresponding assembly
(501, 502) based on use. For instance, disposable assembly (501} and/or reusable
assembly {502} may include one or more counting sensors and a control logic {e.g.,
microprocessor, etc. ) that s in communication with the counting sensor{s). The counting
sensor(s} may be able to detect the number of times the ultrasonic transducer of
mstrument {500} is activated, the number of surgical procedures the corresponding
assembly (501, 502) is used in, the number of trigger closures, and/or any other suitable
conditions associated with use. The control logic may track data from the counting
sensor{s) and compare the data to one or more threshold values. When the control logic
determunes that one or more threshold values have been exceeded, the control logic may
execute a control algorithm to disable operability of one or more components in the
corresponding assembly {501, 502). In instances where the control logic stores two or
more threshold values {e.g, a first threshold for number of activations and a second
threshold for number of surgical procedures, etc), the control logic may disable
operability of one or more components in the corresponding assembly (501, 502) the furst

time one of those thresholds 1s exceaded, or on some other basis.

[660193] In versions where a control logic is operable to disable instrument (500) based on

the amount of use, the conirol logic may also determine whether mstrument (500} is
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currently being used in a surgical procedure, and refram from disabling instrument (500}
antil that particular surgical procedure 15 complete. In other words, the control logic may
allow the operator to complete the current surgical procedure but prevent mstrument
{500} from being used in a subsequent surgical procedure. Various suitable forms that
counters or other sensors may take will be apparent to those of ordinary skill in the art in
view of the teachings herein. Various suitable forms that a control logic may take will
also be apparent to those of ordinary skill in the art in view of the teachings herein

Similarly

J 2

various suttable control algorithms that may be used to restrict usage of
instrument {500) will be apparent to those of ordinary skiil in the art in view of the
teachings herein. Of course, some versions of instrument (500} may simply omit features

that track and/or restrict the amount of usage of instrument (500},

{660194] As shown i FIGS. 31-75C, disposable assembly (501} of the present example
comprises a body portion {520}, a shaft assembly (530} extending distally from body
portion (520}, and an end effector (540) disposed at a distal end of shaft assembly (530).
Body portion (520} of the present example comprises a8 housing {522) which includes a
button (526}, Button {(526) 1s operable just like bution (226) described above. Body
portion {520) also includes a trigger {528) that 1s pivotable toward and away from a pistol
grip (524} of reusable assembly (502} to selectively actuate end effector (540} as
described above and as described in one or more of the references cited herein. It should
be understood, however, that various other suitable configurations may be used, including
but not limited to a scissor grip configuration. End effector {540) includes an ultrasonic
blade (560} and a pivoting clamp arm (544). Clamp arm (544) 1s coupled with trigger
{(528) such that clamp arm (544) is pivotable toward ultrasonic blade (560) in response to
pivoting of trigger (528) toward pistol grip (524); and such that clamp arm (544) is
pivotable away from ultrasonic blade (560} in response to pivoting of trigger (528) away
from pistol grip (524). Various suitable ways in which clamp arm (544) may be coupled
with trigger (528) will be apparent to those of ordinary skill in the art in view of the
teachings herein. In some versions, one or more resilient members are used to bias clamp
arm {544) and/or trigger (528) to the open position shown in FIGS. 28-30. It should also

be understood that clamp arm (544) may be omitted if desired.
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[000195] B Exemplary End Effector and Acoustic Drivetrain
[000196] As discussed above, end effector (540) of the present example comprises clamp

arm {544) and ultrasonic blade (560). Clamp aro (544) includes a clamp pad (546) that
is secured to the underside of clamp arm (544), facing ultrasonic blade (560). Clamp pad
{546} may comprise PTFE and/or any other suitable material{s). Clamp arm (544) 1s
operable to selectively pivot toward and away from ultrasonic blade (560) to selectively

clamp tissue between clamp arm {544} and blade (560},

[0006197] As with clamp arms (44, 244) discussed above, clamp arm (544) of the present
exarmple is prvotally secured to a cable (5§74). Cable (574) 1s shdably disposed within an
outer sheath (532) of shaft assembly {530) as shown mn FIG. 34, Cable (574) 1s operable
to transiate longitudinally relative to an articulation section (630} of shaft asserbly (530}
to selectively pivot clamp arm {544) toward and away from blade (560). In particular,
cable (574} 1s coupled with trigger (528} such that cable (574) translates proximally n
response o pivoting of trigger {528) toward pistol grip (524), and such that clamp arm
(544} thereby pivots toward blade {560) in response to pivoting of trigger {528) toward
pistol grip (524). In addition, cable (574} translates distally in response to pivoting of
trigger (528} away from pistol grip (524), such that clamp arm (544) pivots away from
blade (560) in response to pivoting of trigger (528) away from pistol grip (524). Clamp
arm {544} may be biased toward the open position, such that {at least in some instances)

the operator may effectively open clamp arm (544} by releasing a grip on trigger {528).

{000198] Blade (560} of the present example is operable to vibrate at vltrasonic frequencies
i order to effectively cut through and seal tissue, particularly when the tissue 1s being
compressed between clamp pad (546} and blade (560). Blade (560} 1s positioned at the
distal end of an acoustic drivetrain.  Acoustic waveguide {580} comprises a flexible
portion (266). As with flexible portions {166, 266} of waveguides (180, 280) discussed
above, flexible portion {560) of waveguide {580) mcludes a narrowed section (564).
Narrowed section {564) s configured to allow flexible portion (566} of waveguide (580)
to flex without significantly affecting the ability of flexible portion (566) of waveguide
(580} to transmit ultrasonic vibrations. By way of example only, narrowed section (564}

may be configured in accordance with one or more teachings of US. Pub No.
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2014/0005701 and/or U.S. Pub. No. 2014/0114334, the disclosures of which are
meorporated by reference herem. It should be understood that waveguide (580) may be
configured to amplify mechanical vibrations transmitted through waveguide (580).
Furthermore, waveguide {580} may mnchude features operable to control the gain of the
tongitudinal vibrations along waveguide (580) and/or features to tune waveginde (580} to

the resonant frequency of the system.

[0006199] In the present example, the distal end of blade (560} 15 located at a position
corresponding  to an anti-node associated with resonant ultrasonic  vibrations
communicated through flexible portion (566} of waveguoide (580}, i order to tune the
acoustic assembly to a preferred resonant frequency f, when the acoustic assembly 1s not
loaded by tissue. When tissue 1s secured between blade {560} and clamp pad (546), the
ultrasonic oscillation of biade (560) may simultaneously sever the tissue and denature the
proteins in adjacent tissue cells, thereby providing a coagulative effect with relatively
little thermal spread.  In some versions, an electrical current may also be provided

through blade (560} and clamp arm {544} to also cauterize the tissue.

{000200] . Exemplary Shaft Assembly, Articulation Section, and Rigidizing
Features
{66020 Shaft assembly (530} of the present example extends distally from body portion

{520). As best seen mn FIGS. 33-34, shaft assembly (530} includes distal outer sheath
(533} and a proximal outer sheath {532) that enclose the drive features of clamp arm
{544} and the above-described acoustic transmission features. Shaft assembly (530)
further includes an articulation section (530}, which is located at a distal portion of shaft

assembly (530}, with end effector {540) being located distal to articulation section (630).

{000202} Articulation section {630) of the present example is configured to operate
substantially simular to articulation sections (130, 330} discussed above except for any
differences discussed below. In particular, articulation section (630) is operable to
selectively position end effector (540) at various lateral deflection angles relative to a
longitudinal axis defined by outer sheath {532). Articulation section (630} may take a

variety of forms. By way of example only, articulation section {630) may be configured
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in accordance with one or more teachings of U.S. Pub. No. 2012/0078247, the disclosure
of which 1s mncorporated by reference herein.  As another merely llustrative example,
articulation section (630) may be configured in accordance with one or more teachings of
U.S. Pub. No. 2014/0005701 and/or U.S. Pub. No. 2014/0114334, the disclosures of
which are incorporated by reference heremn. Various other suitable forms that articulation
section (630} may take will be apparent to those of ordinary skill in the art n view of the

teachings herein,

[600203] As shown in FIGS. 33-35, shaft assembly (530} further comprises a pawr of
articulation bands (540, 542) and a pawr of translatable rods (640, 642). Articulation
bands (540, 542) are configured to operate substantially similar to articulation bands
(140, 142, 340, 342) discussed above, except for any differences discussed below. For
mnstance, when articulation bands (540, 542) translate longitudinally in an opposing
tashion, this will cause articulation section {(530) to bend, thereby laterally deflecting end
effector (540} away from the longitudinal axis of shaft assembly (530) from a straight
configuration as shown in FIG. 75A to an articulated configuration as shown in FIGS.
758 and 75C. In particular, end effector {540} will be articulated toward the articulation
band (540, 542} that 1s being pulled proximally. During such articulation, the other
articulation band (540, 542) may be pulled distally. Alternatively, the other articulation
band (540, 542} may be driven distally by an articulation control.  Flexible acoustic
waveguide (566} is configured to effectively communicate ultrasonic vibrations from
waveguide (580} to blade (560} even when articulation section {630} 1s in an articulated

state as shown in FIGS. 758 and 75C.

{000204] Translatable members (640, 642) are shdably disposed within the proximal
portion of outer sheath (532). Translatable members {640, 642) extend longitudinally
through the proximal portion of outer sheath (532) along opposite sides of outer sheath
{(532) and adjacent an interior surface of outer sheath (532). As best seen in FIG. 35, an
elongate recess (644} is formed in an exterior surface of a distal portion of each
translatable member (640, 642). FElongate recesses (644) are configured fo receive a
proximal portion of each articulation band (540, 542). Each translatable member (640,

642) further includes a pin (643} projecting outwardly from an nterior surface of each
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elongate recess {(644). An opening (641) formed in a proxamal end of each articulation
band (640, 642) 1s configured to receive a respective pin (643} of translatable members
(640, 642). Pins (643) and openings (641) thos function to mechanically couple
transiatable members (640, 642) with articolation bands (540, 542} such that longitudimnal
translation of translatable member (640) causes concurrent longitudinal translation of
articulation band (540), and such that longitudinal translation of translatable member

{642) causes concurrent longitudinal transiation of articulation band {542).

[000205] When translatable members {640, 642) and articulation bands (540, 542) are
transiated longitudinally 1n an opposing fashion, a moment 15 created and apphed to a
distal end of distal outer sheath (533) in a manner sunilar to that described above with
respect to articulation section {130}, This causes articulation section (630) and narrowed
section (564} of flexible portion (566) of waveguide {580) to articulate, without
transferring axial forces in articulation bands (540, 542) to waveguide (580} as described
above. It should be understood that one articulation band (540, 542) may be actively
driven distally while the other articulation band (540, 542) 1s passively permitted to
retract proximally. As another merely tllustrative example, one articulation band (340,
342} may be actively driven proximally while the other articulation band (540, 542) 1s
passively permutied to advance distally. As yet another merely illustrative example, one
articulation band (540, 542) may be actively driven distally while the other articulation
band (540, 542) 1s actively driven proxumally. Various suitable ways in which
articulation bands (540, 542} may be driven will be apparent to those of ordinary skill in

the art in view of the teachings herein.

{600206] As shown mn FIGS. 33-34, 51-53, 70-72, and 74A-74B, shaft assembly (530)
turther comprises a rod member (740) slidably disposed within the proximal portion of
outer sheath (532). As will be described in more detail below, rod member (740) is
operable to translate between a proximal longitudinal position (FIG. 74B) in which rod
member {740} is positioned proximally of articulation section (630), and a distal
longitudinal position (FIG. 74A) in which rod member (740) extends through articulation

section {630) and thereby prevents nigidizes articulation section (740},
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[000207] As shown in FIGS. 31-32, a rotation knob (531) 15 secured to a proximal portion
of proximal outer sheath (532}, Rotation knob (531} 15 rotatable relative to housing
{522}, such that shaft assembly {530} is rotatable about the longitudinal axis defined by
outer sheath (532}, relative to body portion {5203, Such rotation may provide rotation of
end effector (540), articulation section (630}, and shaft assembly (530) unttanily. Of

course, rotatable features may simply be omitted if desired.
[00606208] D Exemplary Articulation Control Assembly

[000209] FIGS. 36-75C show the components and operation of an articulation control
assembly {700) that i1s configured to provide control for articulation of articulation section
(630). Articulation control assembly (700} of this example comprises a motor (702) and
a bevel gear (704). Motor (702) 1s secured within an upper portion of housing (522) of
body portion (520}, As best seen 1n FIG. 38, motor (702) 15 oriented obliquely relative to
shaft assembly (530} such that an axle (703) of motor (702 1s configured to rotate about
an axis that 15 oblique to the longitudinal axis defined by shaft assembly (530). Motor
(702} comprises a button {706} that 15 configured to selectively cause motor (702} to
rotate axle (703} is a first direction and in a second direction. As best seen in FIG. 38,
bevel gear {704) 13 mechanically coupled with axle (703} of motor (702} such that
rotation of axle (703} causes concurrent rotation of bevel gear (704}, Bevel gear (704)
mchides a plurality of teeth (710}, As will be described in more detail below, rotation of
bevel gear (704} by motor {702) will cause articulation of articulation section (630). In
some alternative versions, motor {702} and bevel gear (704} are replaced with a manually
rotatable knob and bevel gear similar to knob (402) and bevel gear {404) described

above.

{000210] As best seen in FIG. 41, articulation control assembly (700) further comprises a
drive assembly (720). Drive assembly (720} 1s secured to a proximal portion of proximal
outer sheath (532). Drive assembly (720} 1s further rotatably disposed within rotation
knob (531} such that rotation knob (531} is configured to rotate independently about
drive assembly (720} to thereby cause rotation of shaft assembly (530} without causing

rotation of drive assembly (720).
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[000211]} As shown in FIGS. 41A-42, drive assembly {720) comprises a proxumal housing
(730}, a distal bousing (735}, a plurahty of lead screws (750, 760, 770}, and a cylindrical
gutde (780). Dnstal bousing {735} and proximal housing (730} are coupled to one another
via a plurality of mnterlocking tabs (769) and slots (767) such that rotation of proximal
housing (730} causes concurrent rotation of distal housing (735). Proximal housing (730)
1s also coupled with an output flange (936} of a gear reduction assembly (900} through
engagement between tabs (769) and slots {938), as will be described in greater detail
below, such that rotation of output flange (936} causes concurrent rotation of proximal
housing (730). Distal housing (735), proximal housing (730}, and gear reduction
assembly {900) substantially encompass the internal components of drive assembly (720)

as will be described in more detail below.

{660212] FIGS. 41B-41) show gear reduction assembly (900} in greater detail Gear
reduction {900) assembly of the present example comprises 3 bevel gear (910}, a fixed
spline member (920}, and a flex spline member (930). As best seen in FIG, 41C, bevel
gear {910}, fixed spline member (920}, and flex spline member (930} are all coaxially
aligned with each other and provide clearance for waveguide (580) and the proximal
portions of the rest of shaft assembly (530} to be coaxually disposed therethrough. As
best seen in FIGS. 41D-41E, bevel gear (910} comprises an array of bevel gear teeth
{(912) and an output shaft (914). Bevel gear teeth (912) are configured and positioned to
mesh with teeth {(710) of bevel gear {(704) such that rotation of bevel gear {704) causes
concurrent rotation of bevel gear (910). In other words, activation of motor (702} will
cause rotation of bevel gear (910). As best seen in FIG. 41E, output shaft (914) has an
outer surface with an elliptical profile. This allows output shatt (914} to act as a wave
generator within gear reduction assembly (900} as will be described in greater detail

below.

000213} FIGS. 41F-41G show fixed spline member (920} in greater detail. Fixed spline
member {920) comprises a rigid cylindraceous body (922} with an array of internal teeth
{(924) and an outwardly extending annular flange (926). Flange (926) 1s fixedly secured
to housing (522) of body portion (520} such that fixed spline member (920} 1s configured

to remain stationary within body portion (520). FIGS. 41H-411 show flex spline member
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(930) 1n greater detall. Flex sphine member (930} comprises a set external teeth (932)
positioned at a proximal end of a cylindraceous body {934). Body (934) 15 configured to
deform radially cutwardly yet 18 also configured to rigidly transfer rotation along the
length of body (934). Various switable materials and configurations that may be used to
provide such radial flexing combmed with rigid torque transfer will be apparent to those
of ordmary skill i the art 1 view of the teachings herein. Output flange (936} 1s
positioned at the distal end of body (934). As noted above, output flange (936} ncludes
an array of slots (938) that receive tabs (769) of proximal housing (730}, such that
rotation of flex spline member (930) causes concurrent rotation of proximal housing

(730).

[600214] As best seen in FIG. 411, teeth (932) of flex spline member {930} are configured
and positioned to mesh with teeth (924) of rigid spline member (920). At any given
moment, only some of teeth (932} are engaged with teeth {924). By way of example
only, rigid spline member (930} may be configured to have at least two more teeth (924)
than flex spline member (930). As also best seen in FIG. 41}, the elliptical outer swrface
of output shaft (914) of bevel gear {310} bears against the inner surface (935) of body
{934) of flex spline member (930}, In particular, the elliptical outer surface of output
shaft {914) bears against inner surface (935) at the antipodal points of the major axis of
the elliptical outer surface of output shaft (914). Thus, as bevel gear (910} 1s rotated, the
points of contact between bevel gear (910) and flex spline member {930) orbit about the
central longitudinal axis of gear reduction assembly (900). This causes teeth (932) to
engage teeth {924} i orbital paths about the central longitudinal axis of gear reduction
assembly {900}, with body (934) flexibly deformung to provide this engagement between
teeth (924, 932). Rigid spline member (920} remains stationary while flex spline member
(930) rotates during such engagement. The rotation of flex spline member (930) provides
rotation of proximal bousing (730} as noted above. Proximal housing (730) thus rotates

in response to rotation of bevel gear (910).

[000215] It should be understood from the foregoing that activation of motor (702} will
cause rotation of housings (730, 735} via gear reduction assernbly (900). I should also

be understood that gear reduction assembly (900) provides a strain wave gearing system
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ot harmonic drive system. By way of example only, gear reduction assembly (900} may
be further configured and operable in accordance with at least some of the teachings of

J.S. Pat. No. 2,906,143, entitled “Strain Wave Gearing,” ssued Septernber 29, 1959, the
disclosure of which 1s incorporated by reference heremn. In the present example, gear
reduction assembly {900) provides a gear reduction of approxamately 25:1. Alternatively,

any other suitable gear reduction may be provided.

[0060216] As shown in FIGS. 44-47, proximal housing (730} mcludes internal threading
{733) formed in an nterior surface of proximal housing (730). As shown 11 FIGS, 54-58,
distal housing (735) ncludes proximal internal threading (910) formed i an 1nterior
surface of distal housing {735); and distal nternal threading (737} formed in the interior
surface of distal housing (735). Threadimgs (736, 737} have opposing piich angles or
orientations 1n this example. In other words, the pitch orientation of threading (910} 15
opposite t¢ the piich orientation of threading {737}  As should be understood by
comparing FIGS. 46, 47, 57, and 58, a proximal portion {(733A) of threading (733} of
proximal housing (730) has a greater pitch angle than a distal portion {733B) of threading
(733) as well as threadings (736, 737} of distal housing (735}, As will be described m
more detatl below, this difference in pitch angles is causes a variance in the speed of

longitudinal translation of rod member (740).

{660217] As shown in FIGS. 48-50, a first lead screw (750} includes a pair of wedge-
shaped projections (751) extending cutwardly from radially opposing sides of first lead
screw (750). First lead screw (750) further includes a discrete exterior thread (754)
projecting outwardly from an exterior surface of projection (751). Thread (754} is
configured to engage with threading (733} of proximal housing (730). The pitch angle of
thread (754) complements the pitch angle of threading (733). As will be described in
greater detail below, articulation control assembly (700} i1s configured to permit lead
screw {750} to slide longitudinally within drive assembly {720} yet prevent lead screw
(750} from rotating within drive assernbly (720). It should therefore be understood that
rotation of proximnal housing (730) m a first direction will drive lead screw (750)
proximally; and rotation of proximal housing (730} 1 a second direction will drive lead

screw (750} distally.
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{000218] As shown in FIGS. 59-61, a second lead screw (760} includes a pair of sem-
cylindrical flanges (761) extending from radially opposing sides of an annular body
{763).  Second lead screw (760} further includes a discrete exterior thread (762)
projecting outwardly from an exterior surface of flange (761). Thread (762) 1s configured
to engage with proximal internal threading (910) of distal housing (735).  As shown in
FIGS. 62-64, a thud lead screw (770) includes a pair of semi-cyvlindrical flanges (771)
extending from radially opposing sides of an annular body (773). Second lead screw
(770} further inchudes a discrete exterior thread (772) projecting outwardly from an
exterior surface of flange (771). Thread {772) 1s configured to engage with distal internal
threading (737} of distal housing (735). The ptich angle of thread (762) complements the
pitch angle of threading (910}, while the pitch angle of thread (772} complemenis the
pitch angle of threading (737}). As will be described in greater detail below, articulation
control assembly {700} 1s configured to permit lead screws (760, 770} to slide
longitudinally within drive assembly (720} yet prevent lead screws (760, 770} from
rotating within drive assembly {720). It should therefore be understood that, due to the
opposing pitch angles of threading {736, 737), rotation of distal housing {735) in a first
direction will drive lead screw (760} distally while simultaneously driving lead screw
(770) proximally; and rotation of distal housing (735) in a second direction will drive

lead screw (760} proximally while simultaneously driving lead screw (770} distally.

[000219] As best seen in FIG. 60, a pair of semi-circular gaps (765) are defined between an
interior surface of each flange (761) and an exterior surface of annular body (763) of
second lead screw {760). As best seen m FI(. 63, a pair of semi-circular gaps (775} are
defined between an mterior surface of each flange (771} and an exterior surface of
annular body (773} of second lead screw (770). As best seen in FIG 42, cylindrical
gutde {780) 1s positioned within housings (730, 7353) about the proximal portion of outer
sheath (532). As shown in FIG. 43, a proximal end of cylindrical guide (780) comprises
a structural frame (782). Structural frame (782) of cylindrical gmde (780} is contigured
to be fixedly secured within the mterior of housing (522) of body portion (520) such that

cyhindrical guide (780} 1s configured to remain stationary within body portion (520).
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000220 Cylindrical gude (780) comprises a plurality of longitudinal slots (784) formed
by a plurality of elongate sidewalls {786) of cylindrical guide (780}, In particular, a first
pair of longitudinal slots {(784A) 15 formed n radially opposing sides of a sidewall of
cvlindrical guide {780), and a second pawr of longitudinal slots (784B) s formed m
radially opposing sides of a sidewall of ¢ylindrical guide (780). As shown in FIG. 25,
projections {751} of first lead screw (730) are configured to be received within
tongitudinal slots (784A) of cylindrical guide (780) such that first lead serew (750) 13
shidably disposed along longitudinal slots (784A). Thus, lead screw {750) 15 operable to
translate within proximal housing (730} but is prevented from rotating within proximal

housing (730}

[0060221] As best seen in FIGS. 70 and 71, longitudinal sidewalls (786} of cylindrical guide
(780} are configured to be received within gaps (765} of second lead screw {760) such
that lead screw (760) 1s shidably disposed along cylindrical guide (780) within distal
housing (735). As best seen m FIG. 72, longitudinal sidewalls {786} of cylindrical guide

780} are configured to be received within gaps (775) of third lead screw (770} such that
lead screw (770} 1s shidably disposed along cylindrical guide (780} within distal housing
{(735). Thus, lead screws (760, 770} are operable to translate within distal housing (735)

but are prevented from rotating within distal housing (735).

{0660222] As shown in FIGS. 51 and 52, first lead screw (750} 1s secured to a proximal end
of rod member (740) via a tensioner {756). As shown in FIGS. 65-68, tensioner (756)
mcludes a first threaded member (750A) and a second threaded member (756B).
Threaded members (756A, 756B) threadably engage one another such that a longitudinal
position of threaded members (750A, 756B) relative to one another may be changed by
rotation of first threaded member (756A) and/or second threaded member (756B). An
exterior surface of first threaded member (756A) of tensioner {756) is secured to an
interior surface of a through-bore (755) of first lead screw {750} such that longitudinal
translation of first lead screw (750} causes concurrent longitudinal translation of
tensioner (756). As best seen in FIG. 52, a key (757} of second threaded mernber (756B)
of tensioner (756} is positioned within a mating slot (747) formed 1n the proximal end of

rod member (740} such that longitudinal translation of first lead screw (750) causes
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current longttudinal translation of rod member (740). Thus, in the present version, first
lead screw {750} 15 operable to both push rod member (740} distally and pull rod member
{740) proximally, depending on which direction proximal housing (730) 15 rotated. Other
suitable relationships will be apparent to those of ordinary skill in the art in view of the

teachings herein.

[800223] As shown 1n FIG. 69, a proximal end of each transiatable rod (640, 642) mcludes
a slot (648, 649) formed therein.  As shown 1n FIG. 70, second lead screw (760} 1s
secured to a proximal end of translatable rod (642) via a tensioner (756}, An exterior
surface of a first threaded member (756A) of tensioner (756) 13 secured to an terior
surface of annular body (763) of second lead screw (760} such that longitudinal
translation of second lead screw (760} causes concurrent longitudinal translation of
tensioner (756). A key (757) of second threaded member (756B) of tensioner (756} is
positioned within mating slot {(648) of translatable rod {642) such that longitudinal
translation of second lead screw (760} causes current translation of translatable rod (642).
Thus, in the present version, second lead screw (760} 1s operable to both push translatable
rod (642} distally and pull translatable rod (642} proximally, depending on which
direction distal housing (735} 1s rotated. Because translatable member (642) is
mechanically coupled with articulation band {542), 1t should be understood that second
lead screw (760} i1s operable to both push articulation band (542) distally and pull
articulation band (542) proximally, depending on which direction distal housing (735) is
rotated. Other suitable relationships will be apparent to those of ordinary skill in the art

in view of the teachings herein.

[000224] As shown in FIG 72, thurd lead screw (770} 1s secured to a proximal end of
transiatable rod (640} via a tensioner (756). An exterior surface of a first threaded
member (750A) of tensioner (7506) is secured to an interior surface of annular body (773)
of third lead screw (770} such that longitudinal translation of third lead screw (770)
causes concurrent longitudinal translation of tensioner (756). A key (757) of second
threaded member {(756B) of tensioner (756} is positioned within mating slot (649) of
translatable rod (640} such that longitudinal translation of third lead screw (770) causes

current translation of translatable rod (640). Thus, in the present version, third lead screw



WO 2016/168558 PCT/US2016/027693

(770} 15 operable to both push translatable rod (640) distally and pull translatable rod
(640} proximally, depending on which direction distal housing {735} 1s rotated. Because
translatable member (640} are mechanically coupled with articulation band (540}, it
should be understood that second lead screw (760} is operable to both push articulation
band (540) distally and pull articulation band (540) proxamally, dependmg on which
direction distal housing {735} 1s rotated.  Other switable relationships will be apparent to

those of ordinary skill in the art in view of the teachings heremn.

{800225] FIGS. 73A-75C show several of the above described components interacting to
bend articulation section (630) to articulate end effector (540). FIGS. 73A, 74A, and 75A
correspond to one ancther. In FIG 74A, rod member {(740) 1s i the distal longitudinal
position and thereby rigidizes articulation section (730). In FIG. 75A, articulation section
(630} is in a substantially straight configuration. Then, housings (730, 735) are rotated
by motor (702) via gear reduction assembly {300). The rotation of housings (730, 735)
causes first lead screw {750) to translate proximally within proximal housing (730),
second lead screw (760} to translate distally within distal housing {735), and third lead
screw {770} to advance proximally within distal housing (735}, This proximal translation
of first lead screw (750} 1s caused by rotation of first lead screw (750) within proximal
portion {733A) of threading (733). As discussed above, the greater pitch angle of
proximal portion (733A) causes a greater rate of translation of first lead screw (750} as
compared with the translation rate of lead screws (760, 770}, as will be understood by
comparing FIGS. 73A-73C. The proximal translation of first lead screw (750} pulls rod

member (740} proximally in to the proximal longitudinal position as shown in FIG. 74B.

[000226] The proximal translation of third lead screw (770) pulls articulation band (540)
proximally via translatable rod (640), which causes articulation section (630} to start
bending as shown in FIG 75B. This bending of articulation section (630} pulls
articulation band (542} distally. The distal advancement of second lead screw (760} in
response to rotation of distal housing (735) enables articulation band (542) and
translatable rod (642) to advance distally. In some other versions, the distal advancement
of second lead screw (760) actively drives translatable rod (642) and articulation band

(542) distally. As the operator contuntues rotating housings (730, 735) via motor (702)
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and gear reduction assermbly (900}, the above described interactions continue in the same
fashion, resulting i further bending of articulation section {630) as shown in FIG. 75C.
It should be understood that rotating housings (730, 735) in the opposite direction will
cause articulation section {630} return to the straight configuration shown in FIG. 754;
and rod member (740} to return to the distal longitudinal position to thereby rigidize the

straightened articulation section {730},

[0606227] The angles of threading (733, 736, 737, 754, 762, 772) are configured such that
articulation section (630) will be effectively locked in any given articulated position, such
that transverse loads on end effector (540} will generally not bend articulation section
{630}, due to fiiction between threading (733, 736, 737, 754, 762, 772). In other words,
articulation section (630} will only change its configuration when housings (730, 735) are
rotated. While the angles of threading may substantially prevent bending of asticulation
section {630} in response to transverse loads on end effector {540), the angles may still
provide ready rotation of housings (730, 735) to translate lead screws (750, 760, 770).
By way of example only, the angles of threading (733, 736, 737, 754, 762, 772) may be
approximately +/- 2 degrees or approximately +/- 3 degrees. (ther suitable angles will
be apparent to those of ordinary skill in the art in view of the teachings herein. It should
also be understood that threading (733, 736, 737, 754, 762, 772} may have a square or

rectangular cross-section or any other suitable configuration.

{000228] In some versions, housings (730, 735} include a visual indicator that is associated
with articulation section (630} being in a substantially straight configuration. Such a
visual indicator may align with a corresponding visual indicator on rotation knob (531)
and/or body (822) of body portion (520). Thus, when an operator has rotated housings
(730, 735) to make articulation section (630) approach a substantially straight
configuration, the operator may observe such indicators to confirm whether articulation
section {630) has in fact reached a substantially straight configuration. By way of
example only, this may be done right before instrument (500} 1s withdrawn from a trocar
to reduce the likelihood of articulation section (630} snagging on a distal edge of the

trocar. Of course, such indicators are merely optional.

[000229] E. Exemplary Alternative Rigidizing Features
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{000230] FIGS. 76-80A show components of an exernplary alternative shaft assembly (830}
comprising an elongate tube member (850) and a tubular guide member (860} that may
be readily incorporated nto mstrument (10, 200) m order to selectively ngidize
articulation section (130, 330) when articulation section {130, 330) 1s w a straight, non-
articulated configuration. Tube member (850) and guide member (860} may also be
meorporated 1nto instrument (500} as a substitute for rod member (740} and associated
components to selectively nigidize articulation section (630} when articulation section
{630} 1s in a straight, non-articulated configuration. In the present example, tube member
(850) and guide member (860) are shown as selectively rigidizing an articulation section
(831), which may otherwise be configured and operable just like articulation sections

(130, 330, 630} described above.

{660231] Elongate tube member {850} of the present example comprises a semi-circular
tongue (852} extending proximally from a proximal end of elongate tube member (850).
As best seen in FIG. 77, tongue (852) includes a pawl (854) projecting inwardly and
downwardly from an interior surface of tongue (852}, As will be described i more detail
below, elongate tube member (850} is longtitudinally transiatable along a length of shaft
assembly (830} between a distal longitudinal position (FIGS. 79A and 80A} and a
proximal longitudinal position (FIGS. 79C and 80C). In the distal position, elongate tube
member {850} is positioned about articulation section {(831) to thereby rigidize
articulation section {(831). In the proximal position, elongate tube member (830} is
located proximally of articulation section (831} and thereby permuts articulation of
articulation section {831). Elongate tube member (850) of the present example is
restliently biased distally toward the distal longitudinal position. Various suitable ways
in which elongate tube member (850) may be biased distally toward the distal
longitudinal position will be apparent to those of ordinary skill in the art in view of the

teachings herein.

[000232] Elongate tube member (850} 1s configured to shidably and rotatably receive
tubular guide member (860) such that elongate tube member (850) 5 operable to translate
along a length of tubular guide member (860) and such that tubular guide member (860)

is operable to rotate within elongate tube member (850). However, while elongate tube
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mernober (850) is configured to translate along a length of tubular guide mersber (860),
elongate tube member (850) 15 not configured to rotate about tubular gwide member
(860). In other words, elongate tube member (850) 1s configured to remain 1n a simgle
rotational position. As shown in FIG. 78, tubular guide member (860) mncludes an oval-
shaped cam channel (862} that 1s formed 10 a sidewall of tubular guide member (860).
Cam channel (862} is oriented obliquely relative to the longitudinal axis of tubular guide
member (860}, Cam channel {862} 1s configured to shdably receive pawl (854) of
elongate tube member (850). As will be described 1 more detail below, pawl (854)
serves as a cam follower such that rotation of tubular guide member {860} within
elongate tube member (850) causes translation of elongate tube member (850) as pawl
(854) translates within cam channel (862} of tubular guide member (860). As best seen
in FIG. 78, a proximal portion (862A) of cam channel (862} comprises a detent (864)
formed in distal interior surface of cam channel (862). As will be described 1n more
detail below, detent (864) s configured to receive pawl (854) to selectively maintain the

position of pawl (854) within oval-shaped cam channel {862).

{660233] FIGS. 79A-80C show several of the above described components mteracting to
provide ngidity to articulation section (831) and/or to prevent inadvertent deflection of
end effector (840) relative to outer sheath (832). In FIGS. 79A and 80A, articulation
section (831) is n a substantially straight configuration and elongate tube member (850)
covers articulation section (831}, thereby rigidizing articulation section (831). Then,
tubular guide member (860} s rotated about the longitudinal axis of shaft assembly (830),
which causes elongate tube member (850} to translate proximally as pawl (854} travels
along cam channel (862) as shown in FIG. 79B. This proximal translation of elongate
tube member (850} exposes a portion of articulation section (831} as shown in FIG. 80B.
As the operator continues rotating tubular guide mermber (860) about the longitudinal axis
of shaft assembly (830} as shown i FIG 79C, the above described interactions continue
in the same fashion, resulting n further proximal translation of elongate tube member
(850) due to engagement of pawl (854) m cam channel (862) untd pawl (854) engages
detent (864). As shown in FIG. 80C, thus further proximal translation of elongate tube

member (850) completely exposes articulation section (83 1) such that articulation section

3
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(831) may be articulated. It should be understood that further rotation of tubular guide
member (860} in the same durection {or reversal of rotation of tubular guide member
{860)) will cause distal translation of elongate tube member {(850) back to the distal
longitudinal position shown i FIGS. 79A and 80A due to engagement of pawl (854} n

cam chanuoel {862).

[800234] It should also be understood that the receipt of pawl (854} in detent (864) may
provide the operator with tactile feedback indicating that elongate tube member (850} has
reached the fully proximal position. Cooperation between pawl (854} and detent (864)
may also provide some degree of resistance to inadvertent rotation of tubular guide
member (860, thereby providing some degree of resistance to distal translation of
elongate tube member (850). Such resistance may be particularly desirable i versions

where elongate tube member {850} is resiliently biased toward the distal position.

{800235] Tubular guide member (860} may be actuated in various ways. For instance, at
least a portion of tubular guide member {(860) may be exposed such that the operator may
directly grasp tubular guide member (860} to rotate tubular guide member (860} As
another merely tllustrative example, tubular guide member (860) may include a knob or
other user input feature that the operator may grasp or otherwise manipulate to rotate
tubular guide member (860). As yet another merely illustrative example, tubular guide
member {860} may be operatively coupled with an articulation control assembly such as
articulation control assembly (100, 406, 700). In some such versions, the articulation
control assembly may automatically actuate tubular guide member (860) to dnive
elongate tube member (850} to the distal position when articulation section (830) reaches
the straight, non-articulated configuration. The articulation control assembly may also
automatically actuate tubular guide member (860} to drive elongate tube member (850) to
the proximal position when the operator actuates the articulation control assembly to
drive articulation section (830) toward an articulated configuration. FElongate tube
member {850} may thus be actuated in a manner similar to rod member (740} described
above. Still other suitable ways in which elongate tube member (850} and/or tubular
guide member (860) may be actuated will be apparent to those of ordinary skill in the art

n view of the teachings heremn.
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[000236] IV.  Exemplary Combinations

[660237] The following examples relate to various non-exhaustive ways in which the
teachings herein may be combived or applied. It should be understood that the following
examples are not intended to restrict the coverage of any claims that may be presented at
any time m this application or in subsequent filings of this application. No disclaimer i3
mtended. The following examples are being provided for nothing more than merely
tustrative purposes. It is contemplated that the various teachings herein may be
arranged and applied 1w numerous other ways. It s also contemplated that some
variations may omit certain features referred to in the below examples. Therefore, none
of the aspects or features referred to below should be deemed cnitical unless otherwise
explbicitly indicated as such at a later date by the mventors or by a successor in interest to
the wmventors. If any claims are presented in this application or i subsequent filings
related to this application that include additional features beyond those referred to below,
those additional features shall not be presumed to have been added for any reason relating

to patentability.
{600238] Example 1

{800239] An apparatus for operating on tissue, the apparatus comprising. (a) a body
assembly; (b} a shaft assembly, wherein the shaft assembly extends distally from the
body assembly, wherein the shaft assembly defines a longitudinal axis; (¢) an end
effector, wherein the end effector is located at a distal end of the shaft assembly, wherein
the end effector comprises an ulirasonic blade; {d) an articulation section, wherein the
articulation section is coupled with the shaft assembly, wherein the articulation section 1s
operable to articulate to thereby deflect the end effector from the longitudinal axis; and
(e} an articulation control assembly, wherein the articuiation control assembly comprises:
(1) a first threaded member having a first pitch orientation, (11} a second threaded member
having a second pitch orientation, and (1) an articulation control, wherein the
articulation control 15 configured to rotate about an axis of rotation to thereby drive
articulation of the articulation section by causing translation of the first and second

threaded members along a path that i1s parallel to the longitudinal axis of the shaft

-50.
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assembly, wherein the axis of rotation of the articulation control s oriented obliquely or

perpendicular to the longitudimal axis of the shaft assembly.
[B00240] Example 2

[600241] The apparatus of Example 1| or any of the following Examples, wherem the
articulation section coruprises: (1 a first translatable member 10 conununication with the
first threaded member, and (1) a second translatable member in comnmunication with the
second threaded member, wherein the fust translatable member and the second

translatable member are longitudinally translatable relative to each other.
[B00242] Example 3

[000243] The apparatus of any of the preceding or following Examples, wherein the shaft
assembly comprises an acoustic waveguide acoustically coupled with the ultrasonic
blade, wherein the acoustic waveguide has a flexible portion, wherein the flexible portion

extends through the articulation section,
[060244]  Exampled

{000245] The apparatus of any of the preceding or following Examples, wherein the
articulation control assembly further comprises a rotatable housing, wherein the rotatable
housing comprises a proximal threading and a distal threading, wherein the first threaded
member 1s engaged with the proximal threading, wherein eh second threaded member is
engaged with the distal threading, wherein the rotatable housing 1s configured to rotate in
a single direction to thereby cause translation of the first and second threaded members in

opposite directions.
[060246]  Example 5

{000247] The apparatus of Example 5, wherein the articulation control comprises a bevel
gear, wherein the rotatable housing comprises a bevel gear, wherein the bevel gear of the

articulation control 15 engaged with the bevel gear of the rotatable housing,

[000248]  Example 6

-60-
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[000249] The apparatus of any of the preceding or following Examples, wherein the body

assembly comprises a handle assembly.
{000250] Example 7

[000251] The apparatus of Example 6, wherein the handle assembly comprises: (i) a pistol
grip, and {11} a trigger, wherein the trigger is pivotable toward and away trom the pistol
grip, wherein the articulation control comprises a knob positioned near the trigger such
that the knob and the trigger may both be manipulated by a single hand grasping the

pistol grip.
[B00252] Example 8

[B00253] The apparatus of any of the preceding or following Examples, wherein the
articulation control assembly further comprises a cylindrical guide, wherein the first
threaded member and the second threaded member are operable to translate along a
length of the cylindrical guide, wheremn the cylindrical guide is configured to maintain a

rotational position of the first threaded member and the second threaded member.
| 000254} Example 9

[B00255] The apparatus of any of the preceding or following Examples, wherein the

articulation control comprises an articulation knob.
[060256]  Example 10

{0006257] The apparatus of Example 9, wherein the articulation knob is rotatable about an
axis of rotation that 1s oriented perpendicular to the longitudinal axis of the shaft

assembly.
{B00258] Example 11

{000259] The apparatus of anv of the preceding or following Examples, wherein the

articulation control comprises an axle coupled with 3 motor.

[060260]  Example 12

-61-
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{000261] The apparatus of Example 11, wherein the axis of rotation of the axle s oriented

obliquely to the longitudinal axis of the shaft assembly.
000262} Example 13

[600263] The apparatus of any of the preceding or following Examples, wherein the
apparatus further comprises a member, wherein the ngidizing member 1s operable to
translate relative to the articulation section to thereby selectively rigidize the articulation

section.
[060264]  Example 14

{000265] The apparatus of Example 13, wherein the articulation control assembly 1s further

operable to drive the rigidizing member.
| 000266} Example 15

{600267] The apparatus of Example 13, wherein the nigidizing member is configured to
selectively translate into and out of the articulation section to thereby selectively rigidize

the articulation section.
{000268] Example 16

{600269] The apparatus of Example 13, further comprising a rotatable member having cam
channel coupled with the rigidizing member, wherein the cam channel is rotatable about a
fongitudinal axis, wherein the cam channel is obliquely onented relative to the
longitudinal axis such that the cam channel 15 configured to drive the rigidizing member

longitudinally 1n response to rotation of the rotatable member about the longutidinal axis.
{600270] Example 17

{660271] An apparatus for operating on tissue, the apparatus comprising: {(a} a body
assembly; (b} a shaft assembly, wherein the shaft assembly extends distally from the
body assembly, wherein the shaft assembly defines a longitudinal axis; (c) an end

effector, wherein the end effector s located at a distal end of the shaft assembly; (d} an

-6



WO 2016/168558 PCT/US2016/027693

articulation section, wherein the articulation section 15 coupled with the shaft assembly,
wherein the articulation section 15 operable to articulate to thereby deflect the end effector
from the longitudinal axss; and {e} an articulation control assembly, wherein the
articulation control assembly comprises: (1) a proxamal rotatable housing, wherein the
proximal rotatable housing comprises threading, {11} a distal rotatable housing, wheren
the distal rotatable housing comprises a proximal threading and a distal threading, (111} a
fust lead screw, wherein the first lead screw 1s configured to threadably engage the
threading of the proximal rotatable housing, wherein the first lead screw 18 configured to
translate to thereby limit deflection of the end effector by himiting the flexibility of the
articulation section, wherein the proximal rotatable housing 1s configured to rotate to
thereby cause translation of the first lead screw, {iv} a second lead screw, wherein the
second lead screw is configured to threadably engage the proximal threading of the distal

rotatable housing

o0

and (v} a third lead screw, wherein the third lead screw is configured to
threadably engage the distal threading of the distal rotatable housing, wherein the second
lead screw and the third lead screw are configured to translate in opposite directions to
thereby drive articulation of the articulation section, wherein the distal rotatable housing
is configured to rotate in a single direction to thereby cause translation of the first lead

screw and the second lead screw in opposite directions.
[060272]  Example 18

{0006273] An apparatus for operating on tissue, the apparatus comprising: {a) a body
assembly; (b) a shaft assembly, wherein the shaft assembly extends distally from the
body assembly, wherein the shaft assembly defines a longitudinal axis; (¢) an end
effector, wherein the end effector 1s located at a distal end of the shaft assembly; (d} an
articulation section, wherein the articulation section s coupled with the shaft assembly,
wherein the articulation section 1s operable to articulate to thereby deflect the end effector
trom the longitudinal axis; and {e} a rigidizing assembly, wherein the rigidizing assembly
comprises. {1} a rigidizing member, wherein the rigidizing member 1s configured to
translate relative to the articulation section to thereby selectively ridigize the articulation
section, and (11} a rotatable member, wherein the rotatable member is configured to rotate

to thereby cause translation of the rigidizing member.

-63-
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[000274] Example 19

[000275] The apparatus of Example 18, wherein the rotatable member comprises a lead

SCTEW.
[060276]  Example 20

{000277] The apparatus of Example 18, wherein the rotatable member comprises a guide

tube.
{000278] V. Miscellaneous

{000279] It should be understood that any of the versions of mstruments described herein
may include various other features in addition to or in hieu of those described above. By
way of example only, any of the instruments described herein may also include one or
more of the various features disclosed m any of the various references that are
mcorporated by reference herein. 1t should also be understood that the teachings herein
may be readily applied to any of the instruments described in any of the other references
cited herein, such that the teachings herein may be readily combined with the teachings
of any of the references cited herein 1n numerous ways. Moreover, those of ordinary skill
m the art will recogmize that various teachings herein may be readily applied to
electrosurgical mstruments, stapling instruments, and other kinds of surgical mstruments.
Other types of instruments into which the teachings herein may be incorporated will be

apparent to those of ordinary skill in the art.

[BO0280] It should be appreciated that any patent, publication, or other disclosure matenial,
i whole or 1n part, that is said to be incorporated by reference herein is incorporated
herein only to the extent that the incorporated material does not contlict with existing
definitions, statements, or other disclosure material set forth n this disclosure. As such,
and to the extent necessary, the disclosure as exphicitly set forth herein supersedes any
conflicting material mcorporated herein by reference. Any material, or portion thereof,
that 15 said to be incorporated by reference heremn, but which conflicts with existing

definttions, statements, or other disclosure material set forth heremn will only be

G4
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mcorporated to the extent that no contlict arises between that mcorporated material and

the existing disclosure maternal.

[000281] Versions of the devices described above may have application in conventional
medical treatments and procedures conducted by a medical professional, as well as
application i robotic-assisted medical treatments and procedures. By way of example
only, various teachings herein may be readily incorporated into a robotic surgical system
such as the DAVINCI™ systemn by Intuitive Surgical, Tnc., of Sumnyvale, Califorma.
Similarly, those of ordinary skill in the art will recognize that various teachings herein
may be readily combined with various teachings of UK. Pat No. 6,783,524, entitled
“Robotic Surgical Tool with Ultrasound Cautertzing and Cutting Instrument,” published

August 31, 2004, the disclosure of which 1s incorporated by reference herein.

[{600282] Versions described above may be designed to be disposed of after a single use, or
they can be designed to be used multiple times. Versions may, in etther or both cases, be
reconditioned for reuse after at least one use. Recondittoning may include any
combination of the steps of disassembly of the device, followed by cleaning or
replacement of particular pieces, and subsequent reassembly. In particular, some
versions of the device may be disassembled, and any number of the particular pieces or
parts of the device may be selectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassembled for subsequent use ecither at a reconditioning facility, or by an operator
immediately prior to a procedure. Those skilled in the art will appreciate that
reconditioning of a device may utilize a variety of techmiques for disassembly,
cleanmg/replacement, and reassembly. Use of such techniques, and the resulting

reconditioned device, are all within the scope of the present application.

000283} By way of example only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization technique, the device is placed in a closed
and sealed container, such as a plastic or TYVEK bag. The container and device may
then be placed in a field of radiation that can penetrate the container, such as gamma
radiation, x-rays, or high-energy electrons. The radiation may kill bacteria on the device

and in the container. The sterilized device may then be stored in the sterile container for
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later use. A device may also be sterilized using any other technique known in the art,

meluding but not limited to beta or gamma radiation, ethylene oxide, or steam.

[000284] Having shown and described various embodiments of the present invention,
further adaptations of the methods and systems described herein may be accomphished by
appropriate modifications by one of ordinary skill 1 the art without departing from the
scope of the present mvention. Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art. For mstance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the hke
discussed above are illustrative and are not required.  Accordingly, the scope of the
present invention should be considered m terms of the following claims and 1s understood
not to be limted to the detatls of structure and operation shown and described m the

specification and drawings.
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An apparatus for operating on tissue, the apparatus comprising:

(a)
{b)

{c)

(d)

(e)

a body assernbly;

a shaft assembly, wherein the shaft assembly extends distally from the

body assembly, wherein the shaft assembly defines a longitudinal axis;

an end effector, wherein the end effector 1s located at a distal end of the

shaft assembly, wherein the end effector comprises an ultrasonic blade;

an articulation section, wherein the articulation section is coupled with the

shaft assembly, wherein the articulation section 15 operable to articulate to

thereby deflect the end effector from the longitudinal axis; and

an articulation control assembly, wherein the articulation control assembly

comprises:

(1) a first threaded member having a first pitch orientation,

(1)  asecond threaded member having a second pitch orientation, and

(11}  anarticulation control,

wherein the articulation control is configured to rotate about an axis of
rotation to thereby drive articulation of the articulation section by
causing translation of the first and second threaded members along
a path that is parallel to the longitudinal axis of the shaft assembly,

wherein the axis of rotation of the articulation control 1s oriented obliquely

or perpendicular to the longitudinal axis of the shaft assembly.

The apparatus of claim 1, wherein the articulation section comprises:

(1) a first translatable member m communication with the fust
threaded member, and

(11)  a second translatable member in communication with the second
threaded member, wherein the first translatable member and the
second translatable member are longitudinally translatable relative

to each other.
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3 The apparatus of claim 1, wherein the shaft assembly comprises an acoustic
waveguide acoustically coupled with the ultrasonic blade, wherein the acoustic waveguide has a

flexible portion, wherein the flexible portion extends through the articulation section.

4. The apparatus of claim 1, wherein the articulation control assembly further
comprises a rotatable housing, wherein the rotatable housing comprises a proximal threading and
a distal threading, wherein the first threaded member is engaged with the proximal threading,
wherein eh second threaded member s engaged with the distal threading, wherein the rotatable
housing 1s configured to rotate in a single direction to thereby cause translation of the first and

second threaded members in opposite directions.

5. The apparatus of claim 4, whergin the articulation control comprises a bevel gear,
wherein the rotatable housing comprises a bevel gear, wherein the bevel gear of the articulation

control 1s engaged with the bevel gear of the rotatable housing.

6. The apparatus of claim 1, wherein the body assembly comprises a handle
assembly.
7. The apparatus of claim 6, wherein the handle assembly comprises:

(1) a pistol grip, and

(1)  a trigger, wherein the trigger is pivotable toward and away from
the pistol grip,

wherein the articulation control comprises a knob positioned near the
trigger such that the knob and the trigger may both be mampulated

by a single hand grasping the pistol grip.

8. The apparatus of claim 1, wherein the articulation control assembly further
comprises a cylindrical guide, wherein the first threaded member and the second threaded
member are operable to translate along a length of the cylindrical guide, wherein the cylindrical
guide 1s configured to maintain a rotational position of the first threaded member and the second

threaded member.
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9. The apparatus of claim 1, wherein the articulation control comprises an

articulation knob.

10 The apparatus of claim 9, wherein the articulation knob 1s rotatable about an axis

of rotation that 15 oriented perpendicular to the longitudinal axis of the shaft assembly.

1B The apparatus of claim 1, wherein the articulation control comprises an axle

coupled with a motor.

12. The apparatus of claim 11, wherein the axis of rotation of the axle is ornented

obliquely to the longitudinal axis of the shaft assembly.

13. The apparatus of claim 1, wherein the apparatus further comprises a member,
wherein the rigidizing member is operable to translate relative to the articulation section to

thereby selectively rigidize the articulation section.

14 The apparatus of claim 13, wherein the articulation control assembly is further

operable to drive the rigidizing member.

15. The apparatus of claim 13, wherein the nigidizing member 15 configured to
selectively translate into and out of the articulation section to thereby selectively rigidize the

articulation section.

16. The apparatus of claim 13, further comprising a rotatable member having cam
channel coupled with the rigidizing member, wherein the cam channel s rotatable about a
longitudinal axis, wherein the cam channel 1s obliquely oriented relative to the longitudinal axis
such that the cam channel 1s configured to drive the rigidizing member longitudinally 1n response

to rotation of the rotatable member about the longutidinal axis.

17 An apparatus for operating on tissue, the apparatus comprising;

-60-
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a body assernbly;

a shaft assembly, wherein the shaft assembly extends distally from the

body assembly, wherein the shaft assembly defines a longitudinal axis;

an end effector, wherein the end effector 1s located at a distal end of the

shaft assembly;

an articulation section, wherein the articulation section 13 coupled with the

shaft assembly, wherein the articulation section 13 operable to articulate to

thereby deflect the end effector from the longitudinal axis; and

an articulation conirol assembly, wherein the articulation control assembly

comprises:

(i)

(i1)

(iii)

(iv)

(v)

a proximal rotatable housing, wherein the proximal rotatable
housing comprises threading,

a distal rotatable housing, wherem the distal rotatable housing
comprises a proximal threading and a distal threading,

a first lead screw, wherein the first lead screw 1s configured to
threadably engage the threading of the proximal rotatable housing,
wherein the first lead screw is configured to translate to thereby
himit deflection of the end effector by limiting the flexibility of the
articulation section, wherein the proximal rotatable housing is
configured to rotate to thereby cause translation of the first lead
Serew,

a second lead screw, wherem the second lead screw i1s configured
to threadably engage the proximal threading of the distal rotatable
housing, and

a third lead screw, wherein the third lead screw is configured to
threadably engage the distal threading of the distal rotatable
housing, wheremn the second lead screw and the third lead screw
are configured to translate i opposite directions to thereby drive
articulation of the articulation section, wherein the distal rotatable
housing 1s configured to rotate in a single direction to thereby

cause translation of the first lead screw and the second lead screw

=70-
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18

19.

20.

PCT/US2016/027693

in opposite directions,

An apparatus for operating on tissue, the apparatus comprising:

(a)
(b)

(c)

(d)

@

a body assembly;

a shaft assembly, wherein the shaft assembly extends distally from the

body assembly, wherein the shaft assembly defines a longitudinal axis;

an end sffector, wherein the end effector 15 located at a distal end of the

shaft assembly;

an articulation section, wherein the articulation section 1s coupled with the

shaft assembly, wherein the articulation section is operable to articulate to

thereby deflect the end effector from the longitudinal axis; and

a rigidizing assembly, wherein the rigidizing assembly comprises:

(i) a rigidizing member, wherein the rigidizing member is configured
to translate relative to the articulation section to thereby selectively
ridigize the articulation section, and

(1) a rotatable member, wherein the rotatable member is configured to

rotate to thereby cause translation of the rigidizing member.

The apparatus of claim 18, wherein the rotatable member comprises a lead screw.

The apparatus of claim 18, wherein the rotatable member comprises a guide tube.

7=
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