wo 2017/106235 A1 [N I 000 OO R O Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/106235 Al

22 June 2017 (22.06.2017) WIPO I PCT
(51) International Patent Classification: (74) Agents: SHIRTZ, Joseph F. et al.; Johnson & Johnson,
A61B 17/32 (2006.01) A61B 18/14 (2006.01) One Johnson & Johnson Plaza, New Brunswick, New Jer-
. . sey 08933 (US).

(21) International Application Number:
PCT/US2016/066464 (81) Designated States (unless otherwise indicated, for every
. . kind of national protection available). AE, AG, AL, AM,
(22) International Filing Date: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
14 December 2016 (14.12.2016) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
(26) Publication Language: English KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
(30) Priority Data: MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
14/970,778 16 December 2015 (16.12.2015) US NL NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
(71) Applicant: ETHICON  ENDO-SURGERY, LLC TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,

[US/US];, #475 Street C, Los Frailes Industrial Park, ZA, ZM, ZW.

Guaynabo, Puerto Rico 00969 (US).
(84) Designated States (uniess otherwise indicated, for every
(72) Inventors: RIESTENBERG, Paul F.; 4545 Creek Road, kind of regional protection available): ARIPO (BW, GH,

Cincinnati, Ohio 45242 (US). BOYD, Benjamin M.; 4545
Creek Road, Cincinnati, Ohio 45242 (US). GEE, Jacob S.;
4545 Creeck Road, Cincinnati, Ohio 45242 (US).
FALLER, Craig N.; 4545 Creek Road, Cincinnati, Ohio
45242 (US). SCHEIB, Charles J.; 4545 Creck Road, Cin-
cinnati, Ohio 45242 (US). GALLMEYER, Thomas C.;
4545 Creeck Road, Cincinnati, Ohio 45242 (US).
KRAMER, Katelynn; 4545 Creek Road, Cincinnati, Ohio
45242 (US). ASHER, Ryan M.; 4545 Creek Road, Cin-
cinnati, Ohio 45242 (US). MUHLENKAMP, Tylor C.;
4545 Creeck Road, Cincinnati, Ohio 45242 (US).
STROBL, Geoffrey S.; 4545 Creek Road, Cincinnati,
Ohio 45242 (US). MONROE, David A.; 4545 Creek
Road, Cincinnati, Ohio 45242 (US).

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Burasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

[Continued on next page]

(54) Title: SURGICAL INSTRUMENT WITH FUNCTION SELECTOR

Fig.1

(57) Abstract: An ultrasonic instrument includes a body, an actuation assembly, a shaft assembly, and an end etfector. The actuation
assembly includes a mode selection member and an activation member. The shatt assembly extends distally from the body. The shaft
assembly includes an acoustic waveguide. The end effector includes an ultrasonic blade. The ultrasonic blade is in acoustic commu-
nication with the acoustic waveguide. The end eftector is contigured to be activated in a first activation mode in response to actu-
ation of the activation member when the mode selection member is in a first position. The end effector is configured to be activated
in a second activation mode in response to actuation of the activation member when the mode selection member is in a second posi-

tion.



wO 2017/106235 A1 |IIWAT 00N 00T ARV

Published: —  before the expiration of the time limit for amending the
—  with international search report (Art. 21(3)) claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))




WO 2017/106235 PCT/US2016/066464

SURGICAL INSTRUMENT WITH FUNCTION SELECTOR

BACKGROUND

{60061} A vaniety 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 instruments mclude one or more piezoelectric elements
that convert electrical power into ultrasonic vibrations, which are commaunicated along an
acoustic waveguide to the blade element. The precision of cutting and coagulation may
be controlled by the operator’s technique and adjusting the power level, blade edge angle,

tissue traction, and blade pressure.

{00062} 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 UK. Pat No.o 5,322,055, entitled “Clamp
Coagulator/Cutting System for Ultrasonic Surgical Instruments,” 1ssued June 21, 1994,
the disclosure of which is incorporated by reference herein; U.S. Pat. No. 5,873,873,
entitled “Ultrasonic Clamp Coagulator Apparatus Having Improved Clamp Mechanism,”
issued February 23, 1999, the disclosure of which is incorporated by reference herein;
U.S. Pat No 5,980,510, entitled “Ultrasonic Clamp Coagulator Apparatus Having
Improved Clamp Arm Pivot Mount,” issued November 9, 1999, the disclosure of which
is incorporated by reference herein; US. Pat No. 6,283,981, entitled “Method of
Balancing Asymmetric Ultrasonic Surgical Blades,” issued September 4, 2001, the
disclosure of which is incorporated by reference herein; U.S. Pat. No. 6,309,400, entitled
“Curved Ultrasonic Blade having a Trapezoidal Cross Section,” issued October 30, 2001,
the disclosure of which s incorporated by reference herein; U.S. Pat. No. 6,325,811,
entitled “Blades with Functional Balance Asymmetries for use with Ultrasonic Surgical

Instruments,” issued December 4, 2001, the disclosure of which is ncorporated by
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[0003]

[0604]

reference herein; US. Pat. No. 6,423,082, entitled “Ulirasonic Surgical Blade with
Improved Cutting and Coagulation Features,” issued July 23, 2002, the disclosure of
which 1s 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 incorporated by reference herein; US. Pat.
No. 6,783,524, entitled “Robotic Surgical Tool with Ultrasound Cauterizing and Cutting
Instrument,” issued August 31, 2004, the disclosure of which is incorporated by reference
herein; U.S. Pat. No. 8,057,498, entitled “Ultrasonic Surgical Instrument Blades,” issued
November 15, 2011, the disclosure of which is incorporated by reference herein; US.
Pat. No. 8,461,744, entitled “Rotating Transducer Mount for Ultrasomic Surgical
Tnstruments,” 1ssued June 11, 2013, the disclosure of which 1s incorporated by reference
herein; U.S. Pat. No. 8,591,536, entitled “Ultrasonic Surgical Instrument Blades,” issued
November 26, 2013, the disclosure of which is incorporated by reference herein; and U.S.
Pat. No. 8,623,027, entitled “Ergonomic Surgical Instruments,” issued Januvary 7, 2014,

the disclosure of which is incorporated by reference heremn.

Still further examples of ultrasonic surgical instruments are disclosed i U.S. Pub.
No. 2006/0079874, entitled “Tissue Pad for Use with an Ultrasonic Surgical Instrument,”
published April 13, 2006, the disclosure of which 15 mcorporated by reference herein;
U8, Pub. No. 2007/0191713, entitled “Ultrasonic Bevice for Cutting and Coagulating,”
published August 16, 2007, the disclosure of which 1s incorporated by reference herein;
UK. Pub. No. 2007/0282333, entitled “Ultrasonic Wavegwide and Blade,” published
December 6, 2007, the disclosure of which 13 mcorporated by reference herein; U.S. Pub.
No. 2008/0200940, entitled “Ultrasonic Device for Cutting and Coagulating,” published
August 21, 2008, the disclosure of which 15 incorporated by reference herein; U.S. Pub.
No. 2008/0234710, entitled “Ultrasomic Surgical Instruments,” published September 23,
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.

Some ultrasonic surgical instruments may include a cordless transducer such as

that disclosed in U8, Pub. No. 2012/0112687, entitled “Recharge System for Medical
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Devices,” published May 10, 2012, the disclosure of which 1s 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 S, 2010, entitied “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. Examples of such ultrasonic surgical instruments are disclosed in 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; and
U.S. Pub. No. 2014/0114334, published April 24, 2014, entitied “Flexible Harmonic
Wavegumides/Blades for Surgical Instruments,” the disclosure of which is incorporated by

reference herein.

{0006} While several surgical instruments and systems have been made and used, it is
believed that no one prior {o the inventors has made or used the invention described in the

appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

{0087] While the specification concludes with claims which particularly point out and
distinctly claim this technology, it is believed this technology will be better understood
tfrom the following description of certain examples taken in comjunction with the

accompanying drawings, in which like reference numerals identify the same elements and

mn which:
{0008] FIG. 1 depicts a block schematic view of an exemplary surgical instrument;
{0009} FIG. 2 depicts a side elevational view of another exemplary surgical instrument;
{00010} FIG. 3 depicts a side elevational view of another exemplary surgical instrument,

mcluding a power level selection feature;

{60011 FIG. 4 depicts a schematic view of a power display associated with the power

level selection feature of FIG. 3;
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{00012} FIG. 5 depicts a side elevational view of another exemplary surgical instrument,

mcluding a positional sensor;

{66013} FIG. 6A depicts a rear schematic view of a handle assembly of the mstrument of

Fi1(. 5, showing the handle assembly in a first position;

{00014} FIG. 6B depicts a rear schematic view of a handle assembly of the mstrument of

FIG. 3, showing the handle assembly in a second position;

{60015] FIG. 6C depicts a rear schematic view of a handle assembly of the mstrument of

F1(. 5, showing the handle assembly in a third position;

{00016} FIG. 7 depicts a side elevational view of another exemplary surgical instrument,

mncluding a toggle switch for selecting an activation mode;

{80017} FIG. 8 depicis a siude elevational view of another exemplary surgical instrument,

imcloding a rotary dial feature for selecting an activation mode;

[0060618] FIG. 9 depicts a side elevational view of another exemplary surgical mstrument,

meluding a multi-button switch feature for selecting an activation mode;
{B0019] FIG. 10 depicts a detailed view of the multi-button switch feature of FIG. 9

{60028} FIG 11 A depicts a side elevational view of an exemplary surgical mstrument,
showing a trigger blocking mechanism i a first posttion and a trigger in a non-actuated

position;

{60021} FIG. 11B depicts a side elevational view of the instrument of FIG. 1TA, showing
the trigger blocking mechanism in the first position and the trigger in a first actuated

position;

{60022} FIG. 11C depicts a side elevational view of the instrument of FIG. 1TA, showing
the trigger blocking mechanism in a second position and the trigger in a second actuated

position;

{60023} FIG. 12A depicts an end effector of the instrument of FIG. 11A, showing the end

effector 1n an open configuration, associated with the non-actuated position of the trigger

-4-
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shown in FIG. 11A;

{00024} FIG. 12B depicts the end effector of FIG. 12A in a partially closed configuration,
associated with a first actuated position of the trigger shown in FIG. 11B;
{60025] FIG 12C depicts the end effector of FIG. 1ZA in a closed configuration,

associated with a second actuated position of the trigger shown in FIG. 11C;

{00026} FIG. 13A depicts a side elevational view of another exemplary surgical
mstrument, showing an exemplary alternative blocking mechanism 1n a first position and

a trigger in a non-actuated position;

{00027} FIG. 13B depicts a side elevational view of the surgical instrument of FIG. 13A,
showing the blocking mechanism in the first position and the trigger n a first actuated

position;

{00028} FIG. 13C depicts a side elevational view of the surgical instrument of FIG. 13A,
showing the blocking mechanism in a second position and the trigger v a second

actoated position;

{00029] FIG. 14 depicts a side elevational view of an exemplary alternative handle
assembly of another exemplary surgical instrument, showing another exemplary
alternative blocking mechamism 1n a first position and a trigger in a non-actuated

position;

{66030} FIG. 15 depicts a side elevational view of an exemplary alternative handle
assembly of another exemplary surgical instrument, with a pivoting trigger coupled

directly with a potentiometer; and

{66031} FIG. 16 depicts a side elevational view of an exemplary alternative handle
assembly of another exemplary surgical instrument, with a pivoting trigger coupled with

a potentiometer via a rack and pinion assembly.

{66032} The drawings are not intended to be limiting in any way, and it is contemplated
that various embodiments of the technology may be carried out in a variety of other ways,

mcluding those not necessarily depicted in the drawings. The accompanying drawings
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mcorporated in 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 s not limited to the

precise arrangements shown.
DETAILED DESCRIPTION

{66033} The following description of certain examples of the technology should not be
used to limit 1ts scope. Other examples, features, aspects, embodiments, and advantages
of the technology will become apparent to those skilled in the art from the following
description, which is by way of illustration, one of the best modes contemplated for
carrying out the technology. As will be realized, the technology described herein is
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.

{00034} It s 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, etc. should
therefore not be viewed in isolation 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 in view of the teachings herein. Such modifications and variations are

mtended to be included within the scope of the claims.

32

[06035] For clanity of disclosure, the terms “proximal” and “distal” are defined herein
relative to an operator or other operator grasping a surgical mstrument having a distal
surgical end effector. The term “proximal” refers to the position of an element closer to
the operator or other operator and 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

operator or other operator,

{00036} I Overview of Exemplary Ultrasonic Surgical System
[B0037] FIG. 1 shows components of an exemplary surgical system (10) in diagrammatic

-6-
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block form. As shown, system (10} comprises an ultrasonic generator {12) and an
ultrasonic surgical instrument (20} As will be described in greater detail below,
mstrument {20) 1s operable to cut tissue and seal or weld tissue {e.g., a blood vessel, etc.}
substantially simultanecusly, using ultrasonic vibrational energy. Generator (12) and
mstrument {20) are coupled together via cable (14). Cable (14) may comprise a plurality
of wires; and may provide unidirectional electrical communication from generator (12} to
mstrument (20) and/or idirectional electrical communication between generator {12) and
mstrument (20}, By way of example only, cable (14) may comprise a “hot” wire for
electrical power to surgical instrument (20}, a ground wire, and a signal wire for
transmitting signals from surgical mstrument (20} to ultrasonic generator (12), with a
shield surrounding the three wires. In some versions, separate “hot” wires are used for
separate activation voltages (e.g., one “hot” wire for a first activation voltage and another
“hot” wire for a second activation voltage, or a variable voltage between the wires
proportional to the power requested, etc). Of course, any other suitable number or
configuration of wires may be used. It should also be understood that some versions of
system {10) may incorporate generator (12) into instrument {20}, such that cable (14) may

simply be omitted.

[60038] By way of example only, generator (12) may comprise the GENO4, GENI1, or
GEN 300 sold by Ethicon Endo-Surgery, Inc. of Cincinnaty, Chio. In addition or mn the
alternative, generator (12} may be constructed in accordance with at least some of the
teachings of U.S. Pub. No. 2011/0087212, entitied “Surgical Generator for Ultrasonic and
Electrosurgical Devices,” published Apnl 14, 2011, the disclosure of which 1s
meorporated by reference herein.  Alternatively, any other suitable generator (123 may be
used. As will be described in greater detail below, generator (12} is operable to provide

power to instrument {20} to perform ultrasonic surgical procedures.

{06039} Instrument {20} comprises a handpiece (22}, which 15 configured to be grasped n
one hand {or two hands) of an operator and mampulated by one hand (or two hands) of
the operator during a surgical procedure. For instance, in some versions, handpiece (22)
may be grasped like a pencil by the operator. In some other versions, handpiece {22) may

include a scissor grip that may be grasped like scissors by the operator. In some other

~J
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versions, handpiece (22) may include a pistol grip that may be grasped like a pistol by the
operator.  Of course, handpiece {22) may be configured to be gripped in any other
suitable fashion.  Furthermore, some versions of instrument (20} may substitute
handpiece (22} with a body that 1s coupled to a robotic surgical system that is configured
to operate instrument {e.g., via remote control, etc.). In the present example, a blade (24)
extends distally from the handpiece (22). Handpiece (22) includes an ultrasonic
transducer (26} and an ultrasonic waveguide (28), which couples ultrasonic transducer
(26} with blade (24). Ultrasonic transducer {(26) receives electrical power from generator
(12} via cable (14). By virtue of its piezoelectric properties, ultrasonic transducer (26} 1s

operable to convert such electrical power into ultrasonic vibrational energy.

{00040} Ultrasonic waveguide {28) may be flexible, semi-flexible, rigid, or have any other
suttable properties. As noted above, ultrasonic transducer (26) is integrally coupled with
blade (24) via ultrasonic waveguide (28} In particular, when ultrasonic transducer (26)
is activated to vibrate at ultrasonic frequencies, such vibrations are communicated
through ultrasonic waveguide (28) to blade (24), such that blade (24) will also vibrate at
ultrasonic frequencies. When blade (24) 1s in an activated state (1e, vibrating
ultrasonically), blade (24} 1s operable to effectively cut through tissue and seal tissue.
Ultrasonic transducer (26), ultrasonic waveguide (28), and blade (24) together thus form
an acoustic assembly providing ultrasomic energy for surgical procedures when powered
by generator {12). Handpiece (22) 15 configured to substantially isolate the operator from
the vibrations of the acoustic assembly formed by transducer (26}, ultrasonic waveguide

(28}, and blade (24).

{00041} In some versions, ultrasonic wavegwide (28) may amplify the mechanical
vibrations transmitted through ultrasonic waveguide {28) to blade {24). Ultrasonic
waveguide (28) may further have features to control the gain of the longitudinal vibration
along ultrasonic waveguide (28) and/or features to tune ultrasonic waveguide (23} to the
resonant frequency of system (10). For instance, ultrasonic waveguide (28) may have
any suitable cross-sectional dimensions/configurations, such as a substantially uniform
cross-section, be tapered at various sections, be tapered along its entire length, or have

any other suitable configuration. Ultrasome waveguide (28} may, for example, have a

8-
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length substantially equal to an integral number of one-half system wavelengths (nA/2).
Ultrasonic waveguide {28) and blade (24) may be fabricated from a solid core shaft
constructed out of a material or combmnation of matenals that propagates ultrasonic
energy efficiently, such as titanium alloy (e, Ti-6A14V), aluminom alloys, sapphire,

stainless steel, or any other acoustically compatible matenial or combination of materials.

{00042} In the present example, the distal end of blade {24) 1s located at a position
corresponding  to an anti-node associated with resonant ultrasonic  vibrations
communicated through wavegwide (28} (i.e., at an acoustic anti-node), n order to tune the
acoustic assembly to a preferred resonant frequency f, when the acoustic assembly 1s not
loaded by tissue. When transducer (26} is energized, the distal end of blade (24} s
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 (26) of the present example 18 activated, these mechanical oscillations are
transmitted through waveguide (28} to reach blade (24), thereby providing oscillation of
blade {24} at the resonant ultrasonic frequency. Thus, the ultrasonic oscillation of blade
(24) may simultaneously sever the tissue and denature the proteins in adjacent tissuye
cells, thereby providing a coagulative effect with relatively little thermal spread. In some
versions, an electrical current may also be provided through blade (24} to also cauterize

the tissue.

{00043] By way of example only, ultrasonic waveguide (28) and blade (24) may comprise
components sold under product codes SNGHK and SNGCB by Ethicon Endo-Surgery,
Inc. of Cincinnati, Chio. By way of further example only, ultrasonic waveguide (28)
and/or blade (24) may be constructed and operable in accordance with the teachings of
U.S. Pat. No. 6,423,082, entitled “Ultrasonic Surgical Blade with Improved Cutting and
Coagulation Features,” issued July 23, 2002, the disclosure of which 15 incorporated by
reference herein.  As another merely illustrative example, ultrasonic waveguide (28)
and/or blade (24) may be constructed and operable in accordance with the teachings of
U.S. Pat. No. 5,324,299, entitled “Ultrasonic Scalpel Blade and Methods of Application,”

issued June 28, 1994, the disclosure of which 15 incorporated by reference herein. Other

.
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suitable properties and configurations of ultrasonic waveguide (28) and blade {24) will be

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

{00044} Handpiece (22} of the present example also includes a control selector (30) and an
activation switch (32), which are each in communication with a circuit board (34). By
way of example only, circuit board (34) may comprise a conventional printed circuit
board, a flex circuit, a nigid-flex circut, or may have any other suitable configuration.
Control selector (30) and activation switch (32} may be in communication with circuit
board (34} via one or more wires, traces formed in a circuit board or flex circutt, and/or in
any other suitable fashion. Circuit board (34} is coupled with cable (14), which 1s 1n turn
coupled with control circuttry (16} within generator (12).  Activation switch (32) is
operable to selectively activate power to ultrasonic transducer (26). In particular, when
switch {32} 1s activated, such activation provides communication of appropriate power to
ultrasonic transducer (26} via cable (14). By way of example only, activation switch (32)
may be constructed in accordance with any of the teachings of the various references
cited herein. Other various forms that activation swiich (32) may take will be apparent to

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

{00045] In the present example, surgical system (10} is operable to provide at least two
different levels or types of ultrasonic energy {eg., different frequencies and/or
amplitudes, etc.) at blade (24). To that end, control selector (30} 1s operable to permit the
operator to select a deswred level/amplitude of ultrasonic energy. By way of example
only, control selector (30} may be constructed in accordance with any of the teachings of
the various references cited herein. Other various forms that control selector (30} may
take will be apparent to those of ordinary skill in the art in view of the teachings heremn.
In some versions, when an operator makes a selection through control selector (30}, the
operator’s selection 1s communicated back to control circutry (16} of generator (12} via
cable {14), and control circuttry (16} adjusts the power communicated from generator

{12} accordingly the next time the operator actuates activation swiich {32).

[{60046] It should be understood that the level/lamplitude of ultrasonic energy provided at

blade {24) may be a function of characteristics of the electrical power commumnicated

-10-
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from generator {12) to instrument (20} via cable (14). Thus, control circuitry (16) of
generator (12} may provide electrical power (via cable (14)) having characteristics
assoctated with the ultrasonic energy level/amplitude or type selected through control
selector (30}, Generator (12) may thus be operable to communicate different types or
degrees of electrical power to ultrasonic transducer {26), in accordance with selections
made by the operator via control selector (30}, In particular, and by way of example
only, generator {12} may increase the voltage and/or current of the applied signal to
mcrease the longitudinal amplitude of the acoustic assembly. As a merely illustrative
example, generator {12) may provide selectability between a “level 17 and a “level 5,7
which may correspond with a blade (24) vibrational resonance amphitude of
approximately 30 mucrons and approximately 90 microns, respectively. Various ways in
which control circuttry {16} may be configured will be apparent to those of ordinary skill
in the art m view of the teachings herein. It should also be understood that control
selector (30} and activation switch (32) may be substituted with two or more activation
switches (32). In some such versions, one activation swiich (32) is operable to activate
blade (24) at one power level/type while another activation switch (32) is operable to

activate blade (24) at ancther power level/type, etc.

{00047} In some alternative versions, control circuitry (16) 15 located within handpiece
{22). Forwnstance, tn some such versions, generator {12} only communicates one type of
electrical power (e.g., just one voltage and/or current available} to handpiece (22), and
control circuitry (16} within handpiece (22) 1s operable to modify the electrical power
{e.g., the voltage of the electrical power), n accordance with selections made by the
operator via control selector (30), before the electrical power reaches ultrasonic
transducer (263, Furthermore, generator (12) may be incorporated into handpiece (22}
along with all other components of surgical systern {10). For mstance, one or more
batteries (not shown) or other portable sources of power may be provided in handpiece
(22). Still other suitable ways in which the components depicted in FIG. 1 may be
rearranged or otherwise configured or modified will be apparent to those of ordinary skill

in the art in view of the teachings herein.
{00048] IL Overview of Exernplary Ultrasonic Surgical Instrument
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{00049} The followmg discussion relates to various exemplary components and
configurations for instrument {20). It should be understood that the various examples of
mstrument (20} described below may be readily incorporated into a surgical system (10)
as described above. It should also be understood that the various components and
operability of instrument {(20) described above may be readily imcorporated into the
exemplary versions of mstrument (110) described below. Various suitable ways m which
the above and below teachings may be combined will be apparent to those of ordmary
skill in the art in view of the teachings herein. It should also be understood that the
below teachings may be readily combined with the various teachings of the references

that are cited herein

{00050} FIG. 2 ilustrates an exemplary ultrasonic surgical instrument (110). At least part
of mstrument (110) may be constructed and operable in accordance with at least some of
the teachings of US. Pat No 5322055, US. Pat No. 5873873, US. Pat No.
5,980,510; U.S Pat No. 6,325,811: U.S. Pat No. 6,773,444, U.S. Pat. No. 6,783,524
U.S. Pat. No. 8,461,744; U.S. Pub. No. 20090105730, U.8. Pub. No. 2006/0079874;
US. Pub. No. 2007/0191713;, US. Pub. No. 2007/0282333; US. Pub No.
2008/0200940; U.S. Pub. No. 2010/0069940; U.S. Pub. No. 2012/0112687; U.S. Pub.
No. 2012/0116265; U8, Pub. No. 2014/0003701; U.S. Pat. Pub. No. 2014/0114334; U.S.
Pat. App. No. 14/028 717, and/or U.S. Pat. App. No. 61/410,603. The disclosures of
each of the foregoing patents, publications, and applications are incorporated by
reference heremn. As described therein and as will be described in greater detaid below,
mstrument {120} 15 operable to cut tissue and seal or weld tissue substantially
simultaneously. It should also be understood that instrument (120} may have various
structural and functional similarities with the HARMONIC ACE® Ultrasonic Shears, the
HARMONIC WAVE® Ultrasonic Shears, the HARMONIC FOCUS® Ulrasonic
Shears, and/or the HARMONIC SYNERGY® Ultrasonic Blades.  Furthermore,
instrument {120) may have vartous structural and functional similarities with the devices

taught in any of the other references that are cited and incorporated by reference herein.

{00051} To the extent that there s some degree of overlap between the teachings of the

references cited herein, the HARMONIC ACE® Ultrasonic Shears, the HARMONIC
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WAVE® Ulirasonic Shears, the HARMONIC FOCUS® Ultrasonic Shears, and/or the
HARMONIC SYNERGY® Ultrasonic Blades, and the following teachings relating to
instrument {120), there is no intent for any of the description herein to be presumed as
admitted prior art. Several teachings herein will in 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.

{00052] Instrument {110} of the present example comprises a handle assembly (120}, a
shaft assembly (130}, and an end effector (140). Handle assembly (120} comprises a
body (22} mcluding a pistol grip (124) and a pair of buttons {126). Handle assembly
(120} also includes a trigger {128) that is pivotable toward and away from pistol grip
(124). It should be understood, however, that various other suitable configurations may
be used, including but not limited to a scissor gnip configuration. End effector (140)
mcludes an ultrasonic blade (160) and a pivoting clamp arm (144). Ultrasonic blade

{160} may be configured and operable just like ultrasonic blade (24} described above.

{00053} Clamp arm (144} 1s coupled with trigger (128) such that clamp arm (144} is
pivotable toward ultrasonic blade (160} in response to pivoting of trigger (128) toward
pistol grip (124); and such that clamp arm (144) s pivotable away from ultrasonic blade
(160} 1n response to pivoting of trigger (128) away from pistol grip (124). Clamp arm
{144} 1s thus operable to cooperate with ultrasonic blade (160) to grasp and release tissue;
and clamp arm (144) 1s further operable to compress tissue aganst ultrasouvic blade (160)
to thereby enhance the coromunication of ultrasonic vibration from ultrasonic blade (160}
to the tissue. Various suitable ways n which clamp arm (144) may be coupled with
trigger (128} will be apparent to those of ordinary skill 10 the art in view of the teachings
heremn. In some versions, one or more resthient members are used to bias clamp arm

(144) and/or trigger (128} to the open posttion shown n FIG. 2.

{80034} An ultrasonic transducer assembly (112) extends proximally from body (122) of
handle assembly (120). Transducer assembly (112) may be configured and operable just
like transducer {26} described above. Transducer assembly (112) 1s coupled with a

generator {116) via a cable (114). 1t should be understood that transducer assembly (112}
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recetves electrical power from generator (116) and converts that power into ultrasonic
vibrations through piezoelectric principles.  Generator {(116) may be configured and
operable like generator {12) described above. Generator (116) may thus include a power
source and control module that 1s configured to provide a power profile to transducer
assembly (112} that is particularly suited for the generation of ultrasonic vibrations
through transducer assembly {112}, It should also be understood that at least some of the
tfunctionality of generator (116} may be integrated into handle assembly (120}, and that
handle assembly {(120) may even mclude a battery or other on-board power source such
that cable {114) is onutted. Still other suitable forms that generator {116} may take, as
well as various features and operabilities that generator {116) may provide, will be

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

{00055] As shown i FIG 2, by way of example, one of the buttons {126} may be
associated with a “seal” mode, such that actuating the particular one of the buttons (126)
only seals tissue, but does not cut tissue, when the tissue is being clamped between clamp
arm (144) and blade (160). In particular, activation of a first one of the buttons (136)
may cause vibration of ultrasonic blade (160) at a relatively low amplitude. Simularly, by
way of further example, the other of the buttons (126} may be associated with a “cut and
seal” mode such that actuating the particular one of the buttons (126) may seal and cut
tissue when the tissue 18 being clamped between clamyp arm (44) and blade (160). In
particular, activation of a second one of the buttons {(136) may cause vibration of
altrasonic blade (160} at a relatively high amplitude.  Other suitable operational modes
that may be associated with buttons (126} will be apparent to persons skilled in the art in

view of the teachings herein.

{00056} 1S Ultrasonic Surgical Instrument with Alternative Power Level Selection
Features
{BOBS7] In some nstances it may be advantageous to include a variety of functionalities n

a single surgical nstrument. For example, when using ultrasonic surgical instruments, it
may be useful in some instances to deliver varying levels of power or energy to tissue.
Particularly, some instances may call for both cutting and sealing of tissue, but other

mstances may call for only sealing of tissue. Levels of energy and/or power that may be
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applied in a “seal” mode and in a “cut and seal” mode will be apparent to persons skilled
in the art in view of the teachings herein. An operator may wish to select a “seal” mode
when the operator wishes to seal tissue without cutting the tissue. An operator may wish
to select a “cut and seal” mode when the operator wishes to cut and seal the tissue. While
increasing the functionality of a surgical instrument to operate in a variety of modes may
be advantageous, doing so may lead to an increased number of buttons, switches, and
other control mechanisms that an operator must understand and utilize. Therefore, it 1s
desirable to provide increased functionality of surgical instruments without increasing the
complexity of use. The following examples provide enhanced control of power modes in

variations of mstrument (20, 110), without providing an unduly complex user interface.

{00058} A Ultrasonic  Instrument with  Shdable Switch for Adjusting

Activation Levels

{00059} FIGS. 3 shows an exemplary alternative surgical instrument (210} that is
configured to operate substantially similar to surgical instrument (110} Therefore,
wdentical or sinular structures are labeled with like reference numerals without further
explanation below. It will be understood that although an end effector i1s not shown in
FIG 3, instrument {210) includes an end effector that is just like end effector {140). It
will be further understood that transducer (112} may be i communication with a
generator {12, 116} via cable (14). Surgical mstrument (210} of this example ncludes a
single activation button {226) and a shidable switch (228). As discussed in detail below,
mstrument (210} 15 configured to operate at different activation levels, depending on the

posttion of switch (228}, upon the actuation of activation button (226}

[06060] In the present example, switch (228} 1s slidable in the distal direction in order to
mcrease the activation or power level of transducer (112) and blade (160) that will result
from actuation of activation button (226). Similarly, switch (228} is shidable in the
proximal direction to decrease the activation or power level of transducer (112) and blade
(160} that will result from actuation of activation button (226). However, it will be
understood that the relative shding directions that result 1n an mcrease or decrease in the
power level of transducer (112} may be reversed. In the present example, switch (228} 15
associated with a potentiometer that increases or decreases the power level lhinearly and
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continvousty as switch (228} is moved distal or proximal directions, respectively.

{68864 In the example shown, switch (228} enables transducer (112} and blade (160} to
operate across a continuum of modes {(e.g., power levels}) without being constrained to
discrete settings (maximum, minimum, etc.}. As shown in FIG 4, the power level is
displayed on a display (229) of a generator, such as generator (12, 116), in one-tenth
mcrements between “0.0” and “5.0” However, the power level may be displayed in any
other suitable ways that will be apparent to persons skilled in the art in view of the
teachings herein. In some examples, when switch (226} 15 in the proximal-most position,
actuation of button (226) may not result in activation of transducer (112) and blade (160).
Thus, in such examples, switch (228} in the proximal-most position may be considered to
be in an “off” position. However, in other examples, the proximal-most position of
switch (228) may not be associated with an “off” or “zero” setting; and may instead be
associated with a “minimum” power level/activation mode, for example, while the distal
most position that switch (228) may reach may be associated with a “maximum’” power

level/activation mode.

{00062] In some examples, certain positions of the switch (228) may be associated with
the “seal” and/or “cut and seal” activation modes, which may or may not be different than
the “numimumt” and maxunurn” activation roodes. In such exaroples, nstrument (210)
may include appropriate labels indicating to a user which positions of switch (228) are
associated with particular activation modes of transducer (112). In alternative examples,
rather than enabling transducer (112) and blade (160} to operate among a continuum of
modes, switch {228) may enable transducer (112} to operate in multiple discrete modes,
such as any of the activation modes described herein.  Other suitable configurations of
switch {228} and activation modes according to the positioning of switch (226} will be

apparent to persons skilled 1n the art in view of the teachings herein.

{80063 While switch (228} 15 configured to translate along a path that 15 paralle] to the
longitudinal axis of shaft assembly (132} in this example, switch (228) may mstead be
configured to translate along a path that is perpendicular to or obliquely angled relative to

the longitudinal axis of shaft assembly {132).
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{00064} B. Ultrasonic  Instrument with Sensor for Detecting Positional

Charactenistics of Instrument

{B0065] FIGS. 5-6C show an exemplary alternative surgical mstrument (310) that s
configured to operate substantially similar to swrgical instrument {(110). Therefore,
identical or simular structures are labeled with like reference numerals withowt further
explanation below. It will be understood that although an end effector 1s not shown in
FI1G. 5, instrument (310) includes an end effector that is just like end effector (140). It
will be further understood that transducer (112} may be in communication with a
generator {12, 116) via cable (14). Surgical mnstrument (310) mncludes a single activation
button (326} and is configured to activate transducer {112) and blade (160} in different

activation modes depending on the orientation of handle assembly (120).

{00066} In the present example, handle assembly (120} includes a sensor (328) that is
configured to sense the orientation of handle assembly (120} and thereby select the
activation mode of transducer {112) and blade (160) depending on the orientation of
handle assembly (120). In the example shown, sensor (328} comprises an accelerometer.
However, mn other examples, sensor {328) may comprise any other elements that are
capable of sensing or detecting the orientation of handle assembly (120).  As shown,
sensor {328} 1s positioned in pistol grip {124} of handle assembly (120). However, sensor
(328) may be positioned in any other suitable portions of mstrument (310). It should also
be understood that more than one sensor (328) may be used to sense the orientation of

mstrument (310},

{00067} In the present example, transducer (112) and blade (160} may be activated in a
first activation mode or power level when handle assembly (120) 15 in a first orientation
(FIG. 6A) and 10 a second activation mode or power level when handle assembly (120} 1s
1 the second and third positions (FIGS. 6B and 6C, respectively}. Thus, sensor (328)
essentially acts as a switch that enables the activation modes or power levels of
mstrument {310) to be changed, but without requiring the operator to press a button or
otherwise manually actuate a switch. In other words, the operator may select the
activation mode or power level simply by re-orienting handle assembly (120) among the

ortentations shown in FIGS. 6A-6C.
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{00068} The views provided in FIGS. 6A-6C are provided from the perspective of an
operator located at the proximal end of instroment (310), viewing distally toward
mstrument (310). It should be understood during the following discussion that sensor
(328} is operable to detect the orientations described below, enabling instrument (310} to
provide different functionality based on the sensed orientation of handle assembly (120).
In the first orientation as shown in FIG. 6B, pistol grip (124) extends along a first plane
(330). In the example shown, first plane (330} is horizontal such that first plane (330} 1s
parallel to the ground. In an actual use setting, pistol grip (124) 15 pointing to the left
relative to the operator when instrument (310) 1s in the first ortentation. 1t should be
understood that even in settings where pistol grip (124) s pointing to the lefi relative to

the operator, pistol grip (124} might not necessarily be parallel to the ground.

{00069} I the second orientation, pistol grip (124) extends along a second plane (332) that
15 positioned at an angle (8) relative to first plane (330). In the present example, angle (8)
is approximately 90°, though it should be understood that planes (330, 332) may have
any other suitable angular relationship with each other. In the example shown, second
plane (332) 15 vertical such that second plane (332) 15 perpendicular to the ground. Tnan
actual use setting, pistol grip (124) 15 pointing toward the operator when nstrument (310)
is 10 the second orientation. It should be understood that even in settings where pistol
grip (124} 15 pomting toward the operator, pistol grip (124) might not necessanly be

perpendicular to the ground.

[00078] In the third orientation, pistol grip (124) extends along first plane (330) again.
However, 1n the third orientation, pistol grip (124} s pointing to the right relative to the
operator when instrument (310} 15 in the second orientation. In the present example, the
first and third orientations are each angularly offset from the second orientation by the
angle (8) of 90°; and the first and third orientations are each angularly offset from each
other by an angle of 180° In some other versions, the first and third ortentations are each
angularly offset from the second orientation by some other angle (8). It should also be
understood that the first orientation may be offset from the second orientation by an angle
that differs from the angle defining an angular offset between the second and third

orientation. For example, it will be understood that a person may pronate or supinate
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their hand at different angles depending on the initial angular position of the hand In
some examples, therefore, sensor (328) may be able to accommodate for such himitations
to vary the values of 6; and 8;. Further, to accommodate for operators with different
handedness {1e., left and right), sensor (328} (or another sensor) may be operable to
detect the handedness of the operator and may alter the angle (8) based on such

information.

{00071} In some versions, mstrument {310) provides a first activation mode when handle
assembly {120) 1s at the first orientation; a second activation mode when handle assembly
{120} is at the second orientation; and a third activation mode when handle assembly
{120} 1s at the third orientation. In some other versions, instrument {310) provides a first
activation mode when handle assembly (120} is at the first orientation; a second
activation mode when handle assembly (120} 1s at either the second orientation or the
third ornentation. By way of example only, a first activation mode may be associated
with the “seal” activation mode described herein, while the second activation mode may
be associated with the “cut and seal” activation mode described herein.  In other
examples, however, the first and second activation modes may be associated with other
activations modes or power levels described herein; or with other suitable activation

modes as will be apparent to those of ordinary skill in the art in view of the teachings

herein.
(00672} C. Ultrasonic Instrument with Toggle Button for Selecting Among
Operating Modes
{00073 FIG 7 shows an exemplary alternative surgical instrument (410) that is

configured to operate substantially similar to surgical instrument (110).  Therefore,
wdentical or sinular structures are labeled with like reference numerals without further
explanation below. It will be understood that although an end effector 1s not shown
FIG. 7, mstrument (410) includes an end effector that is just like end effector (140). It
will be further understood that transducer (112) may be in communication with a
generator {12, 116) via cable {14}, Sargical instrument {410} ncludes a single activation
button (426} and a selector switch (428} that may be actuated to select a power level or

activation mode. Therefore, as discussed in detail below, instrument (410} 13 configured
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to activate transducer (112} and blade (160} at different operating modes or power levels,
depending on the mode selected by actuation of switch (428), and upon the actuation of

activation button {426).

{00074} In the present example, switch (428) comprises a toggle buiton that 1s movable
among a number of posttions that are associated with particular activation modes. For
example, switch (428) may be toggled between proximal and distal positions to thereby
change the operation mode. As another merely illustrative example, switch (428) may
comprise a button that is pressed repeatedly to toggle switch (428) between a non-
depressed state and a fully depressed state. Some such versions may also provide a
partially depressed state that switch (428) mat be toggled to. By way of example only,
actuating switch (428) a first time may increase the power level from zero to a power
level associated with the “seal” activation mode described above. Actuating switch (428)
a subsequent time may increase the power level 1o a power level associated with the “cut
and seal” activation mode described above; or to any suitable number of modes between
zero and “seal,” between “seal” and “cut and seal.” and above “cut and seal” Instrument
(410) may be switchable among any suitable number of activation modes. In some
examples, switch {428} s associated with a detent mechanism that maintains the position

of switch (428) in a particular position each time switch (428) 1s pressed.

[00075] In some vanations, switch (428) comprises a rotary scroll wheel  In such
examples, switch may (428) be associated with a potentiometer that increases or
decreases the power level linearly and continuously as switch (428) is rotated in the first
or second directions, respectively. In some examples, however, rotation of switch (428)
may result in step-wise increasing or decreasing among discrete power levels or operation
modes. For example, rotation of switch (428) n the first direction may incrementally
merease the power level from zero, 1o a power level associated with the “seal” activation
mode described above, to a power level associated with the “cut and seal” activation
mode described above, and any suitable number of modes between zero and “seal)”

2

between “seal” and “cut and seal,” and above “cut and seal” Swmularly, rotation of
switch (428) in the second direction may incrementally decrease the power level from,

tor example, the power level associated with the “cut and seal” activation mode, to the
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“seal” activation mode, and to zero, and any suitable number of modes between “cut and
seal” and “seal,” and between “seal” and zero. Other suitable activation modes according
to the positioning of switch (428) will be apparent to persons skilled in the art in view of

the teachings herein.

{66076} As shown, switch (428} is positioned on only one side of the handie assembly
(120). In some other examples, switch (428) may be positioned on the other side of
handle assembly {120} not shown. 1In still other examples, there may be a switch (428)
on each side of the handle assembly (120} in order to accommodate for operators of
different handedness. In the present example, switch (428} is in a position accessible by
the thumb of the hand that grasps pistol grip (124). In other examples, switch (428} may
be in other suitable positions that will be apparent to persons skilled in the art in view of

the teachings herein.

{00077} D. Ultrasonic Instrument with Rotary Dial Feature for Selecting an

Activation Mode

{00078] FIG. 8 shows an exemplary alternative surgical imstrument (510} that is
configured to operate substantially similar to surgical instrument (110). Therefore,
identical or similar structures are labeled with like reference numerals without further
explanation below. It will be understood that although an end effector 1s not shown in
FI1G. 8, jnstrument (510} includes an end effector that 15 just like end effector (140). It
will be further understood that transducer (112} may be in communication with a
generator (12, 116) via cable (14).  Surgical instrument (510} mcludes a single activation
button (526} and a rotary dial feature (528) that may be rotated to select amongst various
power levels or activation modes. Therefore, as discussed 1n detail below, instrument
(510) 15 configured to activate transducer (112} and blade (160} at different operating
modes or power levels, depending on the mode selected by rotation of dial (528}, and

upon the actuation of activation button (526}

[00079] In the example shown, rotation of dial (528) may result in step-wise increasing or
decreasing among discrete power levels or operation modes. As shown, dial (428) 1s

movable among a “MAX” {(maximum} setting, a “MIN” (minimoum) setting, and a
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“HEMO” (hemostasis) setting. Handle assembly (120} includes an arrow (530) that
indicates to a user in which activation mode instrument (510} 1s currently set according to
which portion of dial {(528) 15 aligned with arrow (530}, Levels of energy and/or power
that may be applied in the “minimum,” “maximum,” “hemostasis,” “seal” and “cut and
seal” modes will be apparent to persons skilled in the art in view of the teachings herein.
In some examples, dial (528) may be able to assume positions associated with other
operating modes, such as the “seal” and “cut and seal” operating modes discussed herein.
Other suitable activation modes according to the posttioning of dial (528) will be

apparent to persons skilled in the art in view of the teachings herein.

{00080} As shown, dial (528} is positioned on only one side of the handle assembly (120).
In other examples, dial {528) may be positioned on the other side of handle assembly
(120).  In suill other examples, there may be a dial {528) on each side of the handle
assembly (120} in order to accommodate for operators of different handedness. In the
present example, dial (S28) 15 in a position that is accessible by the thumb of the hand
grasping pistol grip (124). In other examples, dial (528) may be in other suitable

positions that will be apparent to persons skilled in the art in view of the teachings heremn.

{00081} E. Ultrasonic Instrument with Mulii-Switch Button for Selecting

Activation Mode

{00082] FIGS. 9-10 show an exemplary alternative surgical mstrument (610} that is
configured to operate substantially similar to surgical instrument (110).  Therefore,
wdentical or sinular structures are labeled with like reference numerals without further
explanation below. It will be understood that although an end effector is not shown n
FIG. 9, instrument {610) includes an end effector that is just like end effector (140). It
will be further understood that transducer (112) may be in communication with a
generator (12, 116} via cable (14).  As shown, mstrument (610) includes a single
activation button {626) and a button (628} having a plurality of switches associated with
various operating modes. Therefore, as discussed i detail below, mstrument (610) 13
configured to activate transducer (112} and blade (160) at different operating modes or
power levels, depending on the mode selected by actuation of button (628}, and upon the

actuation of activation button (626).
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{00083} In the present example, button (628} includes a first switch (628a}, second swiich
(628b), third switch (628c), and fourth switch (628d). Actuation of one of switches
{628a, 628b, 628¢, 628d) changes the mode under which instrument (610} operates, upon
actuation of activation button (626}, As shown best in FIG. 10, first switch (628a) is
assoctated with a “HEMO” (hemostasis) setting, second switch (628h) 1s associated with
a “MAX” (maximum) setting, third switch (628¢) 1s associated with a “MIN”
{muimimum) setting, and fourth switch (628d} is associated with an “OTHER” setting.
Button (628) i some examples may include switches associated with additional or
alternative operating modes, such as the “seal” and “cut and seal” operating modes
discussed herein. Other suitable activation modes that may be selectable using switches
(628a, 628b, 628c, 628d) will be apparent to persons skilled in the art in view of the
teachings herein. Levels of energy and/or power that may be applied in the “mmimum,”
“maximum,” “hemostasis,” “seal,” and “cut and seal” modes will also be apparent to

persons skilled in the art in view of the teachings herein.

[00084] As shown, button (628) is shaped like a “+7 sign and includes four switches
(628a, 628b, 628c, 628d) that allow for four operating modes. However, n other
exarmples, button (628) may have any other suitable configuration and may include any
suttable number of switches associated with any suitable number of operating modes. In
the present example, button (628) extends along a plane that 1s parallel to the longitudinal
axis of shaft assembly (130). In other versions, button {628) may extend along a plane
that 15 oriented obliquely or perpendicularly relative to the longitudinal axis of shaft

assembly (130).

{00085 As shown 1n the example of FIGS. 9-10, each switch (628a, 628b, 628¢, 628d) 1s
positioned on the same button {628). However, in some other examples, each switch
{628a, 628b, 628¢, 628d} may be positioned on a discrete, separate button.  In some
examples, there may be multiple switches associated with a single operating mode (e.g.,
such that there i3 a greater number of switches than possible operating modes), such as
any of the operating modes discussed heremn or any other operating modes that will be
apparent to persons skilled m the art 1o view of the teachings herein.  In still other

examples, mstrument {610} may include any number of switches associated with an equal
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number of operating modes. Further, in some examples, instrument (610} may include
multiple buttons or switches, but may be capable of operating i only operating mode,
such that each of the buttons or switches activates the same operating mode.  Other
suitable configurations of buttons and switches and operating modes associated therewith

will be apparent to persons skilled in the art in view of the teachings herein.

{60086] IV, Ulwrasonic Swurgical Instrument with Mode Selection Through Closure
Restriction
{66087 The examples described above provide variation in operational modes by varying

the power delivered to tissue through blade (160). It should also be understood that
operational modes may be varied by varying the degree to which clamp arm (144)
compresses tissue against blade (160). In particular, when clamp arm (144} compresses
tissue against blade (160) with a relatively low amount of pressure, end effector (140)
may provide a “seal only” mode, such that end effector (140} seals tissue relatively well
but does not cut tissue relatively well. By contrast, when clamp arm (144) compresses
tissue against blade (160} with a relatively high amount of pressure, end effector (140)
may provide a “seal and cut” mode, such that end effector {140} cuts and seals tissue
relatively well.  As will be described below, instrument (110} may be modified to
selectively restrict the degree to which clamp arm {144) may compress tissue against
blade (160). For instance, instrument {110) may be modified to prevent clamp arm (144)
from pivoting to a distance where clamp arm (144) would contact blade (160), since
contact between clamp arm (144) and blade (160) would indicate tissue cutting. This
may in turn provide selection between a “seal only” mode and a “seal and cut” mode of

operation.

[66038] It may also be desirable to provide activation of transducer {112} and blade (160)
in response to pivotal movement of trigger (128) toward pistol grip (124), without
requiring the operator to separately actuate a button (126) to activate transducer (112) and
blade (160). Various ways in which transducer (1 12) and blade (160} may be activated in
response to pivotal movement of trigger (128} toward pistol grip {(124) will be described

n greater detail below.
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{00089} FIGS. 11A-12C show an exemplary alternative surgical imstrument (710} that 1s
configured to operate substantially similar to surgical instrument (110).  Therefore,
wdentical or sinular structures are labeled with like reference numerals without further
explanation below. It will be further understood that transducer (112} may be in
communication with a generator (12, 116} via cable (14). Rather than icluding an
activation button (126) for activating transducer (112), however, transducer (112} is
activated by pivoting trigger (128) relative to pistol grip (124). In some examples,
mstrument {710} may also include an activation button (126), in addition to the trigger

activation features described below.

{00090] As shown m FIGS. 11A-11C, handle assembly (120} includes a stop assembly
{740} that 1s movable between a first position and a second position. Stop assembly (740)
comprises a first stop member (742) and a second stop member (744). A button (750)
protrudes proximally from the upper end of second stop member (744). Button (750) 1s
exposed through the proximal end of handle assembly (120} such that an operator may
engage button with the thumb of the hand grasping pistol grip (124) to slide button (750}
upwardly and downwardly between the positions shown i FIGS. 11A-11C. Fust stop
member (742) 15 positioned on a distal portion of pistol grip (124) and 15 movable
proximally within pistol grip (124) in response to being contacted by tnigger (128),
depending on the position of second stop merober (742). Second stop member (744)
meludes a first portion (746} that 1s spaced from first stop member (742) a first distance
(I3}, and a second portion (748} that 15 spaced from first stop member (742} a second
distance (D). In the present example, the first distance (1) 1s shorter than the second

distance (D2).

160091} Second stop member (744} 1s movable generally along the axis of pistol grip
(124). Particularly, second stop member {744} 1s movable from a first position where
first stop member (742) 15 comaident with the first portion (746} as shown m FIGS. 11A-
B, and a second position where first stop member (742} 1s comaident with second
portion {748) as shown m FIG. 11C. When second stop member {744} 1s in the first
position as shown in FIGS. 1TA-11B, stop assembly (740) restricts pivotal movement of

trigger {128) toward pistol grip (124). In particular, trigger (128) abuts first stop member
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(742}, which abuts first portion (746} to provide a hard stop. Stop assembly (740) thus
only allows trigger (128} to move from a non-actuated position (FIG. 11A) to a partiaily
actuated position (FIG. 11B} when second stop member is in the first position. This
restricted pivotal movement of trigger (128) results in clamp arm (144) only pivoting
trom an open position {FIG. 12A} to a partially closed posttion (FIG. 12B). With clamp
arm (144} only being capable of partially closing in this mode of operation, end effector
{140} 1s only capable of providing a relatively low degree of compression to tissue. Thus,
end effector (140} will seal tissue but not cut the tissue when blade {160} 15 activated
while clamp arm (144) partially compresses the tissue against blade (160) in the partially
closed position as shown i FIG 12B.  In some vanations, clamp arm (144) is
theoretically capable of contacting blade (160) mn this state, but a force limiting
mechamism in handle assembly (120) restricts the compression force that may be
achieved between clamp arm (144) and blade (160). Various suitable forms that such a
force limiting mechanism may take will be apparent o those of ordinary skill in the art in

view of the teachings herein.

{00092} When second stop member (744) 15 1n the second position as shown in FIG. 11C,
stop assembly (740) no longer restricts pivotal movement of trigger (128) toward pistol
grip (124). In particular, second portion {748) 1s positioned to provide clearance for stop
member (742} to move proximally 1n pistol grip (124) when second stop member (744} 1s
n the second position. Thus, as trigger (128) 15 pivoted toward pistol grip (124), trigger
{(128) eventually engages second stop member (744) and drives stop member (744) into
pistol grip (124} as trnigger (128) reaches the fully actuated position shown m FIG. 12C
This unobstructed pivotal movement of trigger {128) allows clamp arm (144} pivoting
fully from the open position (FIG. 12A) to the fully closed position (FIG. 12(). With
clamp arm {144} being capable of fully closing in this mode of operation, end effector
{140} 1s capable of providing a relatively high degree of compression to tissue. Thus, end
effector (140} will cut and seal tissue when blade (160} is activated while clamp arm
(144) fully compresses the tissue against blade (160) in the fully closed position as shown

mn FIG. 12C.

{00093} In the present example, first stop member (742) provides a switch that activates
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transducer (112} and blade (160} in response to engagement of first stop member (742)
by trigger (128). Thus, when trigger (128} 15 in the partially actuated position (FIG. 11B)
or the fully actuated position (FIG. 11C), transducer (112) and blade {160} are activated.
In some versions, the power level at which transducer (112) and blade (160} are activated
is the same regardless of whether trigger {128} 1s in the partially actuated position (FIG.
11B) or the fully actuated position (FIG. 11C}. In such versions, the variation in tissue
effects 1s provided by the varnation in the degree of closure of clamp arm (144) as shown
i FIGS. 12B and 12C. In some other versions, the power level at which transducer (112}
and blade (160) are activated will also vary based on whether trigger (128} is in the
partially actuated position (FIG. 11B) or the fully actuated position (FIG. 11C). For
mstance, transducer (112} and blade (160) may be activated at a relatively low power
level m the state shown o FIG 11B; and at a relatively high power level in the state
shown i FIG. 11C. Various suitable ways in which a switch or switches may be
mcorporated into first stop member {742) will be apparent to those of ordinary skill in the

art in view of the teachings herein.

{00094] It should also be understood that switches may be mcorporated into second stop
member (744) to activate transducer (112} and blade (160} 1o response to pivotal
movement of trigger (128). For nstance, a fust switch may be mceorporated nto first
portion {746), such that first stop member (742) actuates the first switch m the state
shown m FIG. 11B. Siwmlarly, a second switch may be mcorporated into second portion
(748}, such that first stop member (742} actuates the second switch in the state shown
FIG 11C  Additionally or alternatively, 1nstrument (710} may inchude a sensor that
senses the angle (or other charactenistic(s)) of trigger (128} relative to particular
components of mstrument (710}, such as, for example, pistol grip (124}, Such a sensor
may act as a switch that activates transducer {112) and blade (160} in response to pivotal

movement of trigger (128},

{B0095] FIGS. 13A-13C show an exemplary alternative surgical instrument (810) that s
also configured to be activated by pivoting tnigger (128} relative to pistol grip (124).
Instrument (810} of this example 1s configured to operate substantially similar to surgical

mstrument (110, 710). Therefore, identical or similar structures are labeled with like
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reference numerals without further explanation below. It will be further understood that
transducer (112) may be in communication with a generator (12, 116} via cable {14). As
shown, mstrument (810} includes an alternative stop member that i1s slidable along pistol
grip (124} between a first position (FIGS. 13A-13B) and a second position (FIG. 13C).
As shown in FIG. 138, n the first position, stop member (840) allows trigger (128} to
pivot relative to pistol grip (124 a first distance to only a partially actuated position.
Stop member {840) in the first position provides an obstruction that prevents trigger (128}
from pivoting further than the partially actuated position. However, when stop member
{840} 1s 1n the second position, stop member (840) allows trigger {(128) to pivot relative to
pistol grip (124} to a fully actuated position. Tt should be understood that the partial or
full actuation of trnigger (128) will result in the partial or full closure of clamp arm (144)
relative to blade (160), as described above with respect to FIGS. 12A-12C. Thus, when
stop member (840) 15 1n the first position as shown mn FIGS. 13A-13B, stop member
(840) provides instrument (810} in a “seal only” mode. When stop member (840) is n
the second position as shown in FIG. 13C, stop member (840) provides mnstrument (810)

i a “seal and cut” mode.

{00096} Stop member (840} may also include one or more switches that activate
transducer (112) and blade (160} in response to engagement of stop member (840) by
trigger (128). Thus, when trigger (128} 1s in the partially actuated position (FIG. 13B) or
the fully actuated position (FIG. 13C), transducer {112) and blade (160) are activated. In
some versions, the power level at which transducer (112} and blade (160) are activated 1s
the same regardless of whether trigger (128} 1s 1 the partially actuated position (FIG.
13B) or the fully actuated position (FIG. 13C). In such versions, the varation in tissue
effects 1s provided by the vanation i1n the degree of closure of clamp arm (144) as
described above with respect to FIGS. 12B and 12C. In some other versions, the power
level at which transducer (112} and blade (160} are activated will also vary based on
whether trigger (128) is 1n the partially actuated position (FIG. 13B) or the fully actuated
position {(FIG. 13C). For instance, transducer {112} and blade (160) may be activated at a
relatively low power level in the state shown in FIG. 13B; and at a relatively high power
level in the state shown in FIG 13C. Various suitable ways in which a switch or

switches may be incorporated into stop member (840) will be apparent to those of
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ordinary skill in the art in view of the teachings herein.

{00097} FIG. 14 shows features of a handle assembly (120} of another exemplary
alternative mstrument {910} that 15 also configured to be activated by pivoting trigger
{128} relative to pistol grip (124). Instrument (910} of this example 15 configured to
operate substantially similar to surgical instrument {110, 710, 810). Therefore, identical
or similar structures are labeled with like reference numerals without further explanation
below. It will be further understood that mstrument {(910) includes a transducer (112)
that may be in communication with a generator {12, 116} via cable (14). As shown,
mstrument (810} includes an alternative stop member {(940) that 1s shidable along pistol
grip {124} among first, second and third positions in response to user actuating shider
(941). In this example, trigger (128} includes a contact portion (942) mternal to pistol
grip (124} Contact portion {942} is configured to contact one of three portions of stop
member (940) in order to pivot among first, second, and third pivoted positions.
Particularly, trigger (128} may pivot such that contact portion {(942) contacts first portion
(944) when stop member (940) is in a first position. Swinularly, trigger (128) may pivot
such that contact portion (942) contacts second portion {946) when stop member (940) 15
m a second position. Further, trigger (128) may pivot such that contact portion (942)

contacts third portion (944) when stop member (940} 15 in a third position.

{00098} It should be understood that portions (944, 946, 948) may restrict actuation of
trigger (128) to varying degrees, depending on which portion (944, 946, 948) s
positioned to engage contact portion {(942) based on the position of stop member (940)
within pistol grip (1243, It should also be understood that the restriction of actuation of
trigger (128} will further result n restriction of the closure of clamp arm (144} as
described above with respect to FIGS. 12A-12C. Thus, stop member (940) 1s operable to
vary the compression that may be applied to tissue by end effector {140), thereby
providing different modes of operation such as a “seal only” mode and a “seal and cut”

mode.

{060099] Stop member (940} may also include one or more switches that activate
transducer {(112) and blade (160} in response to engagement of stop member {940) by

trigger {128). Thus, when trigger (128) 1s in a partially actuated position (e.g., engaging
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portion {944} or portion (946}} or the fully actuated position (e.g., engaging portion
(948)), transducer (112} and blade (160} are activated. In some versions, the power level
at which transducer (112) and blade (160) are activated is the same regardless of whether
trigger {128) 1s in a partially actuated position or the fully actuated position. In such
versions, the variation mn tissue effects is provided by the vanation in the degree of
closure of clamp arm (144) as described above with respect to FIGS. 12B and 12C. In
some other versions, the power level at which transducer (112} and blade (160} are
activated will also vary based on whether trigger {(128) 13 1n a partially actuated position
or the fully actuated position. For instance, transducer {112) and blade (160} may be
activated at a relatively low power level when trigger (128) engages portion (946); and at
a relatively high power level when trigger (128) engages portion (948). Various suitable
ways in which a switch or switches may be incorporated mto stop member (940) will be

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

[000100] V. Surgical Instrumnent with Continuously Variable Activation Button
000101} FIG. 15 shows an exemplary alternative surgical instrument (1010) that is

configured to operate substantially similar to surgical instrument (110).  Therefore,
wdentical or sinular structures are labeled with like reference numerals without further
explanation below. It will be understood that although an end etfector 1s not shown n
FIG. 15, mstrument (1010) includes an end effector just like end effector (140). Tt will be
further understood that transducer (112) may be in cornmunication with a generator (12,
116} via cable (14). As shown, surgical instrument (1010} includes a rotatable activation
button (1026) that 1s directly coupled with a potentiometer (1040}, In particular, button
{1026} 1s pivotably coupled with potentiometer (1040} via a pin {1042) that passes
through the center of potentiometer {1040). Pin (1042) 15 fixedly secured to button
{1026) such that pin (1042} rotates as button (1026) pivots. Pin (1042) 15 also secured to
the rotating contact in potentiometer {1040), such that the resistance value of
potentiometer (1040} changes i direct proportion to the pivotal movement of button
{1026). This variable resistance provided through potentiometer (1040) provides a varied
power output through transducer {112) and blade (160). In other words, the ultrasonic

power applied to tissue via end effector (140) will vary based on the pivotal posttion
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and/or rate of change in position of button (1026). In some alternative versions,
potentiometer {1040) 1s replaced with an encoder assembly that is operable to track the
pivotal position of button (1026). Data from the encoder assembly may thus be used to

provide a varied power output through transducer (112) and blade (160).

{600102] FIG. 16 shows a merely illustrative varnation of the configuration shown i FIG.
15, In particular, FIG. 16 shows a configuration where a curved rack {1030} is unitanly
secured to button (1026}, Curved rack (1030) is engaged with a pinion (1028}, which is
directly coupled with a potentiometer (1050}, Thus, as button (1026} pivots about a pin
(1032}, curved rack (1030) causes pinion (1028} to rotate, which in turn changes the
resistance value of potentiometer (1050). This varnable resistance provided through
potentiometer {1050} provides a varied power output through transducer (112) and blade
(160). In other words, the ultrasonic power applied to tissue via end effector (140) will
vary based on the pivotal position (and/or rate of change in position) of button (1026},
Unlike the configuration shown in FIG. 13, the configuration shown i FIG. 16 will
provide a greater change in the resistance value of potentiometer (1030} in response to
pivotal movement of trigger (1026), due to the presence of curved rack (1030) and pinion
(1028). In other words, the configuration shown i FIG 16 will provide greater
sensitivity to pivotal movement of trigger (1026) than the configuration shown n FIG.
15, Suill other suitable configurations will be apparent to those of ordinary skill 1n the art

n view of the teachings herem.

[000103] In both of the examples shown in FIGS. 15-16, as button (1026) is pivoted
proximally, a continuously variable power level 15 provided, rather than operating
discrete modes or power levels. Particularly, m the example shown, as the angular
displacement of proximal actuation of button {1026) increases, the power level of
transducer (112) and blade (160} mereases.  Other suitable relationships between the
power setting or displacement of ultrasontic blade (160} and the depth or pressure of
button (1026} will be apparent to persons skilled m the art in view of the teachings
herein. In some examples, the tension or physical resistance of button (1026} may be
varied across the throw (i.e., across the range of pivotal movement of button {(1026}) in

order to provide the operator with tactile feedback and more control over the movement
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of button (1026} and the ultrasonic blade (160). Providing button (1026) with a
continuously variable power level enables the operator to operate across a continuum of
modes {e.g., power levels) without being constrained to discrete settings (maximum,

minimum, etc.).

{B00104] In some other variations, as buiton (1026} is pivoted proximally, the power level
is progressively increased in a step-wise fashion through a fimite number of discrete
power levels. In other words, the power level need not necessarily be continuously

variable in all versions that incorporate button (1026}
{000105] Vi Exemplary Combinations

{000106] The following examples relate to various non-exhaustive ways in which the
teachings herein may be combined 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 in this application or in subsequent filings of this application. No disclaimer is
intended. The following examples are being provided for nothing more than merely
illustrative purposes. It is contemplated that the various teachings herein may be
arranged and applied 1n 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 critical unless otherwise
explicitly indicated as such at a later date by the inventors or by a successor in interest to
the mventors. If any claims are presented m this application or in 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

1o patentability.
(806167} Example 1

{000108] An ultrasonic instrument comprsing: {a) a body; (b) an actuation assembly,
wherein the actuation assembly comprises a mode selection member and an activation
member; (¢} a shaft assembly extending distally from the body, wherein the shaft
assembly comprises an acoustic waveguide; and (d) an end effector comprising an

ultrasomic blade, wherein the ultrasonic blade is 1n acoustic communication with the
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acoustic waveguide, wherein the end effector is configured to be activated in a first
activation mode in response to actuation of the activation member when the mode
selection member is in a first position, wherein the end effector is configured to be
activated in a second activation mode in response to actuation of the activation member

when the mode selection member is in a second position.
{000109] Example 2

{000110] The ultrasonic instroment of Example 1, wherein the mode selection member

COMPIISEs & Sensor.
{60011} Example 3

{660112] The ultrasonic instrument of Example 2, wherein the sensor s configured to sense
an orientation of the body and thereby provide a mode selection based on the orientation

of the body.
{B00113] Example 4

{6001 14] The ultrasonic mstrument of Example 3, wherein the sensor comprises an

accelerometer.
{600115] Example 5

{6001 16] The ultrasonic mstrument of any one or more of Examples 1 through 4, wherein

the mode selection member comprises a shidable member.
{B00117] Example 6

{B00118] The ultrasomic instrument of Example 5, further comprising a potentiometer,

wherein the potentiometer 13 in communication with the shdable member.
{006119] Example 7

[000120] The ultrasonic mstrument of any one or more of Examples 1 through 6, wherein

the mode selection member comprises a toggle button.

[B00121] Example 8
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{600122] The ultrasonic mstrument of any one or more of Examples 1 through 7, wherein

the mode selection member comprises a rotary dial.
{600123] Example 9

{600124] The ultrasonic mstrument of any one or more of Examples 1 through 8, wherein
the mode selection member is movable among a plurality of positions, wherein each of

the plurality of positions 1s associated with a respective discrete operating mode.
{B00125] Example 10

{800126] The ultrasonic instrument of any one or more of Examples 1 through 9, further
comprising a trigger, wherein the end effector further comprises a clamp arm, wherein
the clamp arm is configured to pivot relative to the ultrasonic blade m response to
actoation of the trigger in order to clamp tissue between the clamp arm and the ultrasonic

blade.
{600127] Example 11

{B00128] The ultrasonic mstrument of Example 10, wherein the activation member

comprises the trigger.
[060129]  Example 12

{0006130] The ultrasonic instrument of Example 11, wherein the mode selection member

comprises a blocking member configured to selectively restrict actuation of the trigger.
[B00131] Example 13

[B00132] The ultrasonic mstrument of Example 12, wheremn the blocking member s
movable from a first position to a second position, wherein the clamp arm 15 configured
to pivot relative to the ultrasonic blade to a partially closed position m response to
actuation of the trigger when the blocking member 15 in the first position, wherein the
clamp arm 1s configured to pivot relative to the ultrasonic blade to a fully closed position
m response to actuation of the trigger when the blocking member s in the second

position.
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{600133] Example 14

{000134] The ultrasonic mstrument of any one or more of Examples 1 through 13, wherein
the mode selection member comprises a plurality of switches, wherein the plurahity of

swiiches are positioned on a single button.
{000135] Example 15

{000136] The ultrasonic mstrument of any one or more of Examples 1 through 14, wherein
the body comprises a grip portion configured to be grasped by a hand of an operator,
wherein the mode selection member 15 located proximate to the grip portion such that the
mode selection member is positioned to be accessible by a thumb of a hand grasping the

grip portion.
{606137] Example 16

{000138] The ultrasonic mstrument of any one or more of Examples 1 through 15, wherein

the activation member comprises a button on a distal portion of the body.
{B00139] Example 17

{B00140] An ultrasonic instrument comprising: {(a) a body; (b} an actuation assembly,
wherein the actuation assembly comprises a mode selection member and an activation
member; (¢} a shaft assembly extending distally from the body, wherein the shaft
assembly comprises an acoustic wavegwide; and {d} an end effector comprising an
ultrasonic blade, wherein the ulirasonic blade i3 in acoustic communication with the
acoustic waveguide, wherein the end effector is configured to be activated in a first
activation mode in response to actuation of the activation member when the mode
selection member 15 in a first position, wherein the end effector 15 configured to be
activated in a plurality of operation modes according to different positions of the mode

selection member and in response to actuation of the activation member.
{000141] Example 18

{000142] The ultrasonic instrument of Example 17, wherein the body comprises a handle

assembly, wherein the handle assembly comprises a pistol grip, wherein the mode
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selection member is positioned on or near the pistol grip such that the mode selection

member is accessible by a hand grasping the pistol grip.
{600143] Example 19

{600144] An ultrasonic instroment comprising: {a} a body; (b} a trigger pivotably coupled
with the body,(c) a shaft assembly extending distally from the body, wherein the shaft
assembly comprises an acoustic wavegwide, (d) an end effector comprising. (1) an
ultrasonic blade, wherein the ultrasonic blade is in acoustic communicaiion with the
acoustic waveguide, and (11) a clamp arm, wherein the clamp arm 1s configured to pivot
toward and away from the ultrasonic blade in response to pivotal movement of the trigger
relative to the body; and (e} a trigger blocking member movably coupled with the body,
wherein the trigger blocking member is movable between a first position and a second
position, wherein the trigger blocking member 15 configured to permit the trigger to pivot
from a non-actuated position to only a partially actuated position when the trigger
blocking member 15 in the first position, thereby restricting movement and/or clamping
torce of the clamp arm, wherein the trigger blocking member is configured to permit the
frigger to pvot from the non-actuated position to a fully actuated position when the
trigger blocking member 1s in the second position, wherein the trigger blocking member
15 configured to prevent the trigger from pivoting from the partially actuated position to

the fully actuated position when the trigger blocking member 18 in the first position.
[000145] Example 20

[000146] The ultrasonic nstrument of Example 19, wherein the body comprises a pistol
grip, wherein the trigger 1s pivotable toward and away from the pistol grip, wheren the

trigger blocking member 15 shidably disposed i the pistol grip.
[000147] Example 21

{000148] An ultrasonic instrument comprising: {a) a body; (b} an actuation assembly,
wherein the actuation assembly comprises an activation member, wherein the activation
member 15 configured to move relative to the body; (¢) a shaft assembly extending
distally from the body, wherein the shaft assembly comprises an acoustic waveguide; and
(d) an end effector comprising an ultrasonic blade, wherein the ultrasonic blade is n
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acoustic communication with the acoustic waveguide, wherein the end effector 1s
configured to be activated in response to movement of the activation member relative to
the body at a power level that is selected based on the position of the activation member
relative to the body such that the activation member is operable to activate the end
effector at a first power level when the activation member 1s at a first position relative to
the body and such that the activation member is operable to activate the end effector at a
second power level when the activation member is at a second position relative to the

body.
[060149]  Example 22

[000150] The ultrasonic instrument of BExample 21, wherein the activation member is
operable to activate the end effector through a continuously variable range of power

levels based on the position of the activation member relative to the body.
{60015 Example 23

{600152] The ultrasonic instrument of Example 21, wherein the activation member is
operable to activate the end effector through a range of discrete power levels based on the

position of the activation member relative to the body.
{000153] VI Miscellaneous

{6060154] As used herein, the term “activation mode” should be understood to include
varigus different meanings. For instance, one activation mode may provide ultrasonic
power via an ultrasonic blade at one power level while another activation mode may
provide ultrasonic power via an ultrasonic blade at another power level. As another
example, one activation mode may provide ultrasonic power via an ultrasonic blade with
one power profile {eg, power varying as a function of time and/or some other
variable(s)} while another activation mode may provide ultrasonic power via an
ultrasonic blade at another power profile (e.g., power varying as a different function of
time and/or some other variable(s}}). As another example, one power level may provide
one closed clamp arm position and/or clamping force while another power level may
provide another closed clamp arm position and/or clarping force. Other ditferent kinds

of activation modes will be apparent to those of ordinary skill in the art 0 view of the
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teachings herein.

{000155] It should be understood that any of the versions of instruments 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 in any of the various references that are
imcorporated by reference herein. It 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 in numerous ways. Other types of instruments into
which the teachings herein may be incorporated will be apparent to those of ordimary skill

in the art.

[000156] It should also be understood that any ranges of values referred to herein should be
read to include the upper and lower boundaries of such ranges. For instance, a range
expressed as ranging “between approximately 1.0 inches and approximately 1.5 inches”
should be read to include approximately 1.0 inches and approximately 1.5 inches, in

addition to including the values between those upper and lower boundaries.

[000157] It should be appreciated that any patent, publication, or other disclosure material,
in whole or in part, that is said to be incorporated by reference herein is incorporated
herein only to the extent that the incorporated material does not conflict with existing
defirutions, statements, or other disclosure material set forth in this disclosure. As such,
and to the extent necessary, the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated herein by reference. Any material, or portion thereof,
that 1s said to be incorporated by reference herein, but which conflicts with existing
definitions, statements, or other disclosure material set forth herein will only be
meorporated to the extent that no conflict artses between that mcorporated matenal and

the existing disclosure material,

[000158] Versions of the devices described above may have application in conventional
medical treatments and procedures conducted by a medical professional, as well as

application in robotic-assisted medical treatments and procedures. By way of example
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only, various teachings herein may be readily incorporated into a robotic surgical system
such as the DAVINCI™ gystem by Intuitive Surgical, Inc., of Sunnyvale, California.
Simularly, those of ordinary skill in the art will recognize that various teachings herein
may be readily combined with various teachings of U.S. Pat. No. 6,783,524, entitled
“Robotic Surgical Tool with Ultrasound Cauterizing and Cutting Instrument,” published

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

[000159] 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  Reconditioning 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 10 any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassemnbled for subsequent use either 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 varniety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such techniques, and the resulting

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

[000160] By way of example only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization technique, the device 1s placed in a closed
and sealed contamner, such as a plastic or TYVEK bag. The container and device may
then be placed 1n a field of radiation that can penetrate the contaner, such as gamma
radiation, x-rays, or high-energy electrons. The radiation may kill bacteria on the device
and i the container. The sterilized device may then be stored in the sterile container for
later use. A device may also be stertlized using any other technique known in the art,

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

{80161} Having shown and described various embodiments of the present invention,
further adaptations of the methods and systems described herein may be accomplished by

appropriate modifications by one of ordinary skill in the art without departing from the
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scope of the present invention. Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art.  For instance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the like
discussed above are tllustrative and are not required. Accordingly, the scope of the
present invention should be considered 1n terms of the following clatms and 1s understood
not to be limited to the detatls of structure and operation shown and described in the

specification and drawings.
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I/We claim:

i An ultrasonic instrument comprising:

(a) a body;

{b) an actuation assembly, wherein the actuation assembly comprises a mode
selection member and an activation member;

{c} a shaft assembly extending distally from the body, wherein the shaft
assembly comprises an acoustic waveguide; and

{d) an end effector comprising an ultrasonic blade, wherein the ultrasonic
blade 15 in acoustic communication with the acoustic waveguide, wherein
the end effector is configured to be activated in a first activation mode in
response to actuation of the activation member when the mode selection
member is in a first position, wherein the end effector 1s configured to be
activated in a second activation mode in response to actuation of the

activation member when the mode selection member 15 in g second

position.
2. The ultrasonic instrument of claim 1, wherein the mode selection member
COMPriSes 4 Sensor.
3 The ultrasonic instrument of claim 2, wherein the sensor s configured to sense an

orientation of the body and thereby provide a mode selection based on the orientation of the

body.

4 The ultrasonic mstrument of claim 3, wherein the sensor comprises an
accelerometer.
5. The ultrasonic instrument of claim 1, wherein the mode selection member

comprises a slidable member.

6. The ultrasonic instrument of claim 3, further comprising a potentiometer, wherein
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the potentiometer is in communication with the shidable member.
7. The ultrasonic instrument of claim 1, wherein the mode selection member

comprises a toggle button.

R The ultrasonic instrument of claim 1, wherein the mode selection member

comprises a rotary dial.

9. The ultrasonic instrument of claim 1, wherein the mode selection member is
movable among a plurality of positions, wherein each of the plurality of positions 1s associated

with a respective discrete operating mode.

10. The ultrasonic nstrument of claim 1, further comprising a trigger, wherem the
end effector further comprises a clamop arm, wherein the clamp arm 15 configured to pivot
relative to the ulirasonic blade in response to actuation of the trigger in order to clamp tissue

between the clamp arm and the ultrasonic blade.

AR The ultrasonic instrument of claim 10, wherein the activation member comprises

the trigger.

i2. The ultrasonic instrument of claim 11, wherein the mode selection member

comprises a blocking member configured to selectively restrict actuation of the trigger.

3. The ultrasonic mstrument of claim 12, wherein the blocking member 1s movable
from a first position to a second position, wherein the clamp arm is configured to pivot relative to
the ultrasonic blade to a partially closed position in response to actuation of the trigger when the
blocking member 1s in the first position, wherein the clamp arm s configured to pivot relative to
the ultrasonic blade to a fully closed position n response to actuation of the trigger when the

blocking member is in the second position.

14. The ultrasonic instrument of claim 1, wherein the mode selection member
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comprises a plurality of swiiches, wherein the plurality of switches are positioned on a single

button.

15. The ultrasonic mstrument of claim 1, wherein the body comprises a grip portion

configured to be grasped by a hand of an operator, wherein the mode selection member 1s located

proximate to the grip portion such that the mode selection member is positioned to be accessible

by a thumb of a hand grasping the grip portion.

16. The ultrasonic instrument of claim 1, wherein the activation member comprises a

button on a distal portion of the body.

17. An ultrasonic mstrument comprising:
{(a) a body;
) an actuation assembly, wherein the actuation assembly comprises a mode

selection member and an activation member;

a shaft assembly extending distally from the body, wherein the shaft
assembly comprises an acoustic waveguide; and

an end effector comprising an ultrasonic blade, wherein the ultrasonic
blade 1s 10 acoustic commumication with the acoustic waveguide, wheremn
the end effector 13 configured to be activated in a first activation mode in
response 1o actuation of the activation member when the mode selection
member 18 in a first position, wherein the end effector is configured to be
activated in a plurality of operation modes according to different positions
of the mode selection member and in response to actuation of the

activation member.

18 The ultrasonic instrument of claim 17, wherein the body comprises a handle
Y

assembly, wherein the handle assembly comprises a pistol grip, wherein the mode selection

member 15 positioned on or near the pistol grip such that the mode selection member is

accessible by a hand grasping the pistol grip.
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19, An ultrasonic mstrument comprising;
{(a) a body;
{b) a trigger pivotably coupled with the body;
() a shaft assembly extending distally from the body, wherein the shaft
assembly comprises an acoustic waveguide;
(d) an end effector comprising;
(1) an ultrasonic blade, wherein the ultrasonic blade ts in acoustic
communication with the acoustic waveguide, and
{1t} a clamp arm, wherein the clamp arm is configured to pivot toward
and away from the ultrasonic blade in response to pivotal
movement of the trigger relative to the body; and

a trigger blocking member movably coupled with the body, wherein the

o~
0.
N’

trigger blocking member 1s movable between a first position and a second
position,

wherein the trigger blocking member 15 configured to pernut the trigger to pivot
from a non-actuated position to only a partially actuated position when the
trigger blocking member 13 in the first position, thereby restricting
movement and/or clamping force of the clamp arm,

wherein the trigger blocking member 15 configured to permit the trigger to pivot
from the non-actuated position to a fully actuated posttion when the
trigger blocking member 1s 1n the second position,

wherein the trigger blocking member is configured to prevent the trigger from
pivoting from the partially actuated position to the fully actuated position

when the trigger blocking member is in the first position.

20. The ultrasonic nstrument of claim 19, wherein the body comprises a pistol grip,
wherein the trigger 18 pivotable toward and away from the pistol grip, wherein the trigger

o0

blocking member is slidably disposed in the pistol grip.

21 An ultrasonic instrument comprising:

(a) a body;
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22,

(b)

PCT/US2016/066464

an actuation assembly, wherein the actuation assembly comprises an
activation member, wherein the activation member is configured to move
relative to the body;

a shaft assembly extending distally from the body, wherein the shaft
assembly comprises an acoustic waveguide; and

an end effector comprising an ultrasonic blade, wherein the ultrasonic
blade 1s in acoustic communication with the acoustic waveguide, wherein
the end effector 1s configured to be activated in response to movement of
the activation member relative to the body at a power level that is selected
based on the position of the activation member relative to the body such
that the activation member is operable to activate the end effector at a furst
power level when the activation member is at a first position relative to the
body and such that the activation member 13 operable to activate the end
effector at a second power level when the activation member is at a second

position relative to the body.

The ultrasontc mstrument of claim 21, wheren the activation member is operable

to activate the end effector through a continuously variable range of power levels based on the

position of the activation member relative to the body.

23

The ultrasontc mstrument of claim 21, wheren the activation member is operable

to activate the end effector through a range of discrete power levels based on the position of the

activation member relative to the body.
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