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ULTRASONIC SURGICAL INSTRUMENT WITH STAGED CLAMPING

PRIORITY

10001} This application claims priority to U.S. Provisional Patent App. No. 61/908,920,
entitled “Heat Management for Ulirasonic Surgical Instrumoent,” filed November 26,

2013, the disclosure of which is incorporated by reference herein,
BACKGROUND

10002} A varicty of surgical instruments include an end cffector having a blade clement
that vibrates at ultrasonic frequencics to cut and/or scal tissue {c.g., by denaturing
proteins in tissuc cells), These instruments include pigzocicctric cloments that convert
clectrical power into ultrasonic vibrations, which are communicated along an acoustic
waveguide to the blade element. The precision of cutting and coagulation may be
controlied by the surgeon’s techmque and adjusting the power level, blade edge, tissue

traction and blade pressure.

18003} Examples of ultrasonic surgical instruments include the HARMONIC ACE®
Ultrasonic Shears, the HARMONIC WAVE® Ultrasonic Shears, the HARMONIC
FOCUS® Ultrasonic 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 v U.S. Pat. No. 5,322,055, entitled “Clamp
Coagulator/Cutting System for Ultrasonic Surgical Instruments,” issued June 21, 1994,
the disclosure of which s incorporated by veference herein; ULS. Pat. No. 5,873,673,
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, eantitled “Ultrasonic Clamp Coagulator Apparatus Having
Improved Clamp Arm Pivot Mount,” filed October 10, 1997, the disclosure of which is
incorporated by reference herein; US. Pat. No. 6,325811, entitled “Blades with
Functional Balance Asymmetries for use with Ultrasonic Surgical Instruments,” issued

Becember 4, 2001, the disclosure of which is incorporated by reference herein; U.S. Pat.
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No. 6,773,444, entitled “Blades with Fonctional Balance Asyvmuuetries for Use with
Ultrasonic Surgical Instruments,” issued August 10, 2004, the disclosure of which 1s
incorporated by reference herein; and U.S. Pat. No. 6,783,524, entitled “Robotic Surgical
Tool with Ultrasound Canterizing and Cutting Instrument,” issued August 31, 2004, the

disclosure of which is incorporated by reference herein,

{0084] Still further examples of ultrasonic surgical instraments are disclosed in U.S. Pub.
No. 2006/0079874, entitled “Tissue Pad for Use with an Ultrasonic Surgical Instrument,”
published Aprit 13, 2006, the disclosure of which is incorporated by reference herein;
U.S. Peb. No. 2007/0191713, entitled “Ultrasonic Device for Cutting and Coagulating,”
published August 16, 2007, the disclosure of which is incorporated by reference herein;
U.S. Pab. No. 2007/0282333, entitled “Ultrasonic Waveguide and Blade,” published
December 6, 2007, the disclosure of which is incorporated by reference herein; U.S. Pub.
No. 2008/0200940, entitled “Ultrasonic Device for Cutting and Coagulating,” published
August 21, 2008, the disclosure of which is incorporated by reference herein; U.S. Pub.
No. 2009/0105750, entitled “Ergonomic Surgical Instruments,” published April 23, 2009,
the disclosure of which is incorporated by reference hercin; ULS. Pub. No. 2010/0069940,
entitled “Ultrasonic Device for Fingertip Control” published March 18, 2010, the
disclosure of which is incorporated by reference herein; and US. Pub. No.
2011/0015660, cntitied “Rotating Transducer Mount for Ultrasonic  Surgical
Instroments,” published January 20, 2011, the disclosure of which is incorporated by
reference herein; and US. Pub. No. 2012/0029546, cntitled “Ultrasonic Surgical
Instrument Blades,” published February 2, 2012, the disclosure of which is incorporated

by reference herein,

[0005] Some of ultrasonic surgical instruments may include a cordless transducer such as
that disclosed in U.S. Pub. No. 2012/0112687, entitied “Recharge System for Medical
Devices,” published May 10, 2012, the disclosure of which is incorporated by reference
hercin, U.S. Pub. No. 2012/0116265, entitled “Surgical Instrument with Charging
Devices,” published May 10, 2012, the disclosure of which is incorporated by reference
hercin; and/or U.S. Pat. App. No. 61/41(,603, filed November §, 2010, entitled “Energy-

Based Surgical Tnstruments,” the disclosure of which is incorporated by reference herein.
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{00006} Additionally, some ulirasonic surgical instruments may include an articulating
shaft section. Examples of such ultrasonic surgical instruments are disclosed in U.S. Pub.
No. 2014/0005701, entitled “Surgical Instruments with Articulating Shafts,” published
Janvary 2, 2014, the disclosure of which is incorporated by reference herein; and ULS.
Pub. No. 2014/0114334, entitled “Flexible Harmonic Waveguides/Blades for Surgical
Instroments,” published Apnil 24, 2014 the disclosure of which is incorporated by

reference herein.

{800¢7] While several surgical instruments and systems have been made and used, it is
believed that no one prior to the imventors has made or used the invention described in the

appended claims.,
BRIEF DESCRIPTION OF THE DRAWINGS

{6008} While the specification concludes with claims which particularly point out and
distinctly claim this technology, it is believed this technology will be better understood
from the following description of certain examples taken in conjunction with the
accompanying drawings, in which like reference mumerals identify the same clements and

in which:

{0689} FIG. 1 depicts a side elevational view of an exemplary surgical instrument;
166010} FIG. 2 depicts a perspective view of the end effector of the instrument of FIG. 1,

in an open configuration;

{60011 FIG. 3A depicts a side cross-sectional view of the end effector of FIG. 2, in the
open configuration;

[60012] FIG. 3B depicts a side cross-sectional view of the end effector of FIG. 2, in a
closed configuration;

{60613} FIG. 4 depicts a perspective view of another exemplary surgical instrument;

[66814] FIG. 5 depicts a side elevational view of the end effector of the instrument of FIG.

4, in a closed configuration;
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{00015} FIG. 6A depicts a perspective view of the end effector of FIG. 3, in an open
configuration;

{60016} FIG. 6B depicts a perspective view of the end effector of FIG. 5, in a closed
configuration;

{60617} FIG. 7 depicts a perspective view of an exemplary alternative end effector, with a
compliant segmented clamp arm assembly, in a closed position;

[60018] FIG. 8 depicts an exploded view of the clamp arm assembly of FIG. 7;

[60019] FIG. 2A depicts a side clevational view of the end effector of FIG. 7, with the
clamp arm in an open position;

{60020 FIG. 98 depicts a side clevational view of the end effector of FIG. 7, with the
clamp arm in a first closed position;

160021 FIG. 9C depicts a side clevational view of the end effector of FIG. 7, with the

clamp arm in a second closed position;

1060022} FIG. 10 depicts a perspective view of an cxemplary alternative clamp arm
assembly;

{00023] FIG. 11 depicts an exploded view of the clamp arm assembly of FIG. 10;

{00024} FIG. 12 depicts a perspective view the clamp pad of the clamp arm assembly of
FIG. 10

100035} FIG. 13 depicis a perspective view of the resilient member of the clamop arm

assembly of FIG. 1§

[96836] FIG. 14 depicts a side elevational view of the resilient member of FIG. 13;
1800927} FIG. 15A depicts a side elevational view of the clamp arm assembly of FIG. 10 in

a first closed position in relation to an ultrasonic blade;
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100028} FIG. 158 depicts a side elevational view of the clamp arm assembly of FIG. 10 in

a second closed posttion in relation to an ultrasonic blade;

{60629} FIG. 16 depicts a perspective view of another exemplary alternative clamp arm
assembly;

{60036} FIG. 17 depicts an exploded view of the clamp arm assembly of FIG. 16

166031} FIG. 18 depicts a perspective view of the resilient member of the clamp arm

assembly of FIG. 16;

{66432] FIG. 19 depicts a side elevational view of the resilient member of FIG. 18;
{60033 FIG. 20 depicts a cross-sectional side view of the resilient member of FIG. 19;
{60634} FIG. 21A depicts a side elevational view of another cxemplary alternative end

gffector, with a clamp arm in an open position;

[60035] FIG. 218 depicts a side clevational view of the end effector of FIG. 21 A, with the
clamp arm in a first closed position;

[60036] FIG. 21C depicts a side elevational view of the end effector of FIG. 21 A, with the

clamp arm in a second closed position;

[66837] FIG. 22 depicts a side elevational view of an exemplary alternative end cffector;

[80038] FIG. 23 depicts a perspective view of the clamp arm of the end effector of FIG.
22;

100039} FIG. 24 depicts another exemplary alternative clamp arm assermbly;

{00040} FIG. 23A depicts a side elevational view of the an exemplary end effector, with

the clamp arm assembly of FIG. 24 in an open postition;
180041] FIG. 25B depicts a side elevational view of the ¢nd effector of FIG. 254, with the

clamp arm in a first closed position;
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{60042} FIG. 25C depicts a side elevational view of the end effector of FIG. 25A, with the
clamp arm in a second closed position;

{60643} FIG. 26A depicts a side elevational view of another exemplary alternative end
effector, with a clamp arm in an open position;

[60¢44] FIG. 268 depicts a side clevational view of the end effector of FIG. 26 A, with the
clamp arm in a first closed position;

[60045] FIG. 26C depicts a side clevational view of the end effector of FIG. 26 A, with the
clamp arm in a sccond closed position;

{60046} FIG. 27 depicts a side clevational view of another excmplary alternative end
gffector, with a clamp arm in an open position;

{60047} FIG. 28 depicts a side clevational view of another excmplary alternative end

gffector, with a clamp arm in an open position;

{60048] FIG. 29 depicts an exploded view of another cxemplary alicrnative clamp arm
assembly;
{80049} FIG. 30A depicts the clamp arm assembly of FIG. 29 in a first closed position in

relation to an ultrasonic blade;

{00050} FIG. 308 depicts the clamp arm assembly of FIG. 29 in a second closed position
in relation to an ultrasonic blade;

100051} FIG. 31 A depicts a side elevational view of another excmplary alicrnative end
effector, with a clamp arm in an open position;

[60052] FIG. 31B depicts a side elevational view of the end effector of FIG. 31 A, with the

clamp arm in a first closed position;
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EEHRRY FIG. 31C depicts a side elevational view of the end effector of FIG. 31A, with the
clamp arm in a second closed position;

{60654} FIG. 324 depicts a side elevational view of another exemplary alternative end
effector, with a clamp arm in an open position;

[80¢35] FIG. 328 depicts a side clevational view of the end effector of FIG. 32A, with the
clamp arm in a first closed position;

[60056] FIG. 32C depicts a side clevational view of the end effector of FIG. 324, with the
clamp arm in a sccond closed position;

{60057 FIG. 33A depicts a side elevational view of another cxemplary alternative end
gffector, with a clamp arm in an open position;

[60038] FIG. 338 depicts a side clevational view of the end effector of FIG. 33 A, with the
clamp arm in a first closed position;

[60059] FIG. 33C depicts a side elevational view of the end effector of FIG. 33A, with the
clamp arm in a second closed position;

{60060} FIG. 34 depicts another exemplary alternative end effector, in a closed
configuration;

100061} FIG. 35 depicts an exploded view of an excmplary detent feature of an exemplary
alternative shaft assembly;

100062} FIG. 36 depicts a perspective cross-sectional view of an exemplary clamp arm for
use with the shaft assembly of FI1G. 35;

100063} FIG. 37 depicts a perspective view of an exemplary alternative ultrasonic surgical

instrument with another tactile feedback feature;

~k



WO 2015/081040 PCT/US2014/067221

{60064 FIG. 38A depicts a side clevational view of the instrament of FIG. 37, with the
clamp arm in an open position;

{60065] FIG. 38B depicts a side elevational view of the instrament of FIG. 37, with the
clamp arm at a first stage of closure;

{60066} FIG. 3RC depicts a side elevational view of the instrament of FIG. 37, with the
clamp arm at a second stage of closure;

{00067 FIG. 39 depicts a side clevational view of an cxemplary alternative handle
assembly with a pivoting toggle switch for clamping mode selection;

{00068} FIG. 40 depicts a side clevational view of an cxemplary alternative handle
assembly with a sliding toggle switch for clamping mode selection

{60069 FIG. 41A depicts a side elevational view of an exemplary alternative end cffector
with a clamping mode selection beam in a distal position;

{66070} FIG. 41B depicts a side clevational view of the end effector of FIG. 418, with the
clamping mode sclection beam in g proximal position;

1080071} FIG. 42 depicts a perspective view of the instrumcent of FIG, 4 with an exemplary

clamping mode sclection ring secured to the body of the handle assembly;

{00073} FIG. 43 depicts a perspective view of the clamping mode selection ring of FIG.
42;
100073} FIG. 44A depicts an exemplary alicrnative handle assembly and clamp arm

assembly, with a clamp arm bladder in a deflated state; and

100074} FIG. 448 depicts the handle assembly and clamp arm assembly of FIG. 44A, with
the clamp arm bladder in an inflated state.

183975} The drawings are not intended to be himiting in any way, and it is contemplated
that various embodiments of the technology may be carried out in a variety of other ways,

8-
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including those not necessarily depicied in the drawings. The accompanying drawings
incorporated 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 is not limited to the

precise arrangements shown,
DETAILED DESCRIPTION

{00076} The following description of certain examples of the technology should not be
used to limatt its 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 hercin 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.

180877} It is further undersicod 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, cxpressions, embodiments, examples, etc. that are described herein.
The folowing-described teachings, cxpressions, embodiments, examples, cote. should
therefore not be viewed in isolation relative to cach 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 tcachings herein. Such modifications and variations arc

intended to be included within the scope of the claims.

{60078 For clarity of disclosure, the torms “proximal” and “distal” are defined herein
relative to a human or robotic operator of the surgical instrument. The term “proximal”
refers the position of an clement closer to the human or robotic operator of the surgical
instrument and further away from the surgical end effector of the surgical instrument.
The term “distal” refers to the position of an clement closer to the surgical cnd effector of
the surgical instrument and further away from the human or robotic opecrator of the

surgical instrument.

O
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{00079} I Exemplary Ultrasonic Surgical Tnstruraent
{00080} FIGS. 1-6B illustrate exemplary oltrasonic surgical nstruments (10, 100). At

least part of cach instrument (10, 100) may be constructed and operable in accordance
with at least some of the teachings of U.S. Pat. No. 5,322,055; U.S. Pat. No. 5,873,873,
.S, Pat. No. 53,980,510; UK. Pat. No. 6,325,811 1; U.S. Pat. No. 6,773,444; 1.5, Pat. No.
6,783,524; U.5. Pub. No. 2006/0079874; U.S. Pub. No. 2007/6191713; 1.8, Pub. No.
2007/0282333; U.S. Pub. No. 2008/0200940; U.S. Pub. No. 2009/0105750; U.S. Pub.
No. 2010/0069940; U.S. Pub. No. 2011/0015660; U.S. Pub. No. 20812/0112687; U.S.
Pub. No. 2012/0116265; U.S. Pub. No. 2014/0005701; US. Pub. No. 2014/0114334,
U.S. Pat. App. No. 61/410,603; and/or 1U.S. Pat. App. No. 14/02&,717. The disclosures of
cach of the foregoing patents, publications, and applications are incorporated by
reference horein. As described therein and as will be described in greater detail below,
cach mstrument (10, 100) is operable to cut tissuc and seal or weld tissuc {(e.g., a blood
vessel, ctc.} substantially simultancously. It should also be understood that instruments
(10, 100) may have various structural and functional similaritics with the HARMONIC
ACE® Ultrasonic Shears, the HARMONIC WAVE® Ultrasonic Shears, the
HARMONIC FOCUS® Ultrasonic Shears, and/or the HARMONIC SYNERGY®
Ultrasonic Blades. Furthermore, instruments (10, 100) may have various structural and
functional similaritics with the devices taught in any of the other references that are cited

and incorporated by reference herein,

{00081} To the cxtent that there is some degree of overlap between the teachings of the
references cited herein, the HARMONIC ACE® Ultrasonic Shears, the HARMONIC
WAVE® Ultrasonic Shears, the HARMONIC FOCUS® Ulrasonic Shears, and/or the
HARMONIC SYNERGY® Ultrasonic Blades, and the following teachings relating to
instruments (10, 100), there is no intent for any of the description hercin to be presumed
as admitted prior art. Several tcachings herein will in fact go bevond the scope of the
tcachings 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.

-10-
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100082} A, Exemplary Ultrasonic Surgical Tostrument for Minimally Invasive

Surgical Procedures

100083} FIG. 1| illustrates an excroplary ultrasonic surgical instrument (10} that is
configured to be used in mmimally invasive surgical procedures {e.g., via a irocar or
other small diameter access port, cte.).  Instrument (18) of this example comprises a
handle assembly (20}, a shaft assembly (303}, and an end effector (40}, As shown in
FIGS. 2-3B, shaft assembly (30) comprises an outer sheath (32}, an inner tube (34)
stidably disposed within outer sheath {32), and a waveguide (38) disposed within inner
fbe (343, As will be discussed in more detail below, longitudinal transiation of inner
tube (34} relative to outer sheath (32} causes actuation of clamp arm (44) at end effector
{403. Handle assembly (20) comprises a body (22} inchuding a pistol grip (24) and a pair
of buttons (26). Handle assembly (20} also includes a trigger (28} that is pivotabic
toward and away from pistol grip (24). It should be understood, however, that various
other suitable configurations may be used, including but not limited to a scissor grip
configuration. In the present example, a resilient member biascs trigger (28) away from
pistol grip {24). Trigger (28) is pivotable toward pistol grip (24} to drive inner tube (34)
proximally relative to outer sheath (32). When trigger (28) i8 thereafter reicased or
driven away from pistol grip (24), inner tube (34) s driven distally relative to outer
sheath (32). By way of example only, trigger (28) may be coupled with inner tube (34) in
accordance with the teachings of various references cited herein, Other suitable ways in
which trigger {(28) may be coupled with inner tube (34) will be apparent to those of

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

[60084] As shown in FIGS. 2-3B, end effector {40) includes an ultrasonic blade (42) and a
pivoting clamp arm (44). Clamp arm (44) includes a clamp pad (46) facing ultrasonic
blade (42). Clamp arm {44) is pivotably coupled with a distal end of outer sheath {32) of
shaft assembly (30), above ultrasonic blade {42), via a pin (33). A distal end of inner
tube (34} is pivotably coupled with a proximal end of clamp arm (44), below ultrasonic
blade (42), via another pin {35). Thus, longitudinal translation of inner tube (34) relative
o outer sheath (32) causes clamp arm (44) to pivot about pin (33) toward and away from

ultrasonic blade (42) to thereby clamp tissue between clarop pad (46) and ultrasonic blade

-11-
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(42} to transect and/or seal the tissue. In particular, as seen in the fransition from FIGS.
3A to FIG. 3B, proximal longitndinal transiation of inner tube (34} relative to outer
sheath (32} and handle assembly (20} causes clamp arm (44} o pivot toward ultrasonic
blade {42); and distal longitudinal translation of iuner tube (34) relative to outer sheath
{32} and handie assembly (20} causes clamp arm (44} to pivot away from ultrasonic blade
(42}, It should therefore be understood that pivoting of trigger (28) toward pistol grip
(24} will cause clamp arm {44) to pivot toward ultrasonic blade (42); and that pivoting of
frigger (28) away from pistol grip {24) will cause clamp arm (44} to pivot away from

ultrasonic blade (42).

[80085] An ultrasonic transducer assembly (12} extends proximally from body (22} of
handie assembly (203, Transducer assembly (12) is coupled with a gencrator (16} via a
cable {14). Transducer assembly (12} receives electrical power from generator (16} and
converts that power into ultrasonic vibrations through piczoclectric principles. Generator
(16} may include a power source and control module that is configured to provide a
power profile to transducer assembly (12) that is particularly suited for the generation of
ultrasonic vibrations through transducer assembly (12}, By way of cxample only,
generator (16) may comprise a GEN 300 sold by Ethicon Endo-Surgery, Inc. of
Cincinnati, Ohio. In addition or in the alternative, gencrator {16} may be constructed in
accordance with at lcast some of the teachings of U.S. Pub. No. 2011/0087212, entitled
“Surgical Generator for Ultrasonic and Electrosurgical Devices,” published April 14,
2011, the disclosure of which is incorporated by reference herein.  #t should also be
understood that at least some of the functionality of generator (16) may be integrated into
handle assembly (20), and that handle assembly (20} may cven include a battery or other
on-board power source such that cable (14) is omitted. Still other suitable forms that
generator {16) may take, as well as various features and operabilities that generator (16)
may provide, will be apparent to those of ordinary skill in the art in view of the teachings

herein.

{00086} Ultrasonic  vibrations that are generated by transducer assembly (12} are
communicated along an acoustic waveguide (38), which extends through shaft assembly

(30} to reach ultrasonic blade (42). Waveguide (38) 1s scoured within shaft assembly (30)

-12-



WO 2015/081040 PCT/US2014/067221

via a pin {(not shown), which passes through waveguide (38) and shatt assembly (30).
This pin 1s located at a position along the length of waveguide (38} corresponding to a
node associated with resonant ultrasonic vibrations communicated through waveguide
(38}. As noted above, when ultrasonic blade {42) is in an activated state (i.c., vibrating
ultrasonically}, ultrasonic blade (42} is operable to effoctively cut through and seal tissue,
particularly when the tissue is being clamped between clamp pad (46) and ultrasonic
blade (423, 1t should be understood that waveguide (38} may be configured to amphify
mechanical vibrations transmitted through waveguide (38). Furthermore, waveguide (38)
may include features operable to control the gain of the longitudinal vibrations along
wavegnide {38) and/or features to tune waveguide (38} to the resonant frequency of the

system.

{60087 In the present example, the distal end of ultrasonic blade (42) is located at a
position corresponding to an anti-node associated with resonant ultrasonic vibrations
communicated through waveguide (38), in order to tunc the acoustic assembly to a
preferred resonant frequency £, when the acoustic assembly is not loaded by tissue.
When transducer assembly {12} is energized, the distal end of uitrasonic blade (42) is
contigured to move longitudinally in the range of, for cxample, 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 o of, for example, 55.5 kHz, When
transducer assembly (12} of the present cxample is activated, these mechanical
oscillations arc transmiticd through the waveguide to reach ultrasonic blade (102),
thereby providing oscillation of ultrasonic blade (102} at the resonant ultrasonic
frequency. Thus, when tissue is secured between ultrasonic blade (42) and clamp pad
(46}, the ultrasonic oscillation of ultrasonic blade (42} may simwltancously sever the
tissue and denature the proteins in adjacent tissue cells, thereby providing a coagulative
effect with relatively little thermal spread. In some versions, an electrical current may
also be provided through ultrasonic blade (42) and/or clamp pad (46} to also seal the

{1ssye.

100088} An operator may activate butions {26} to selectively activate transducer assembly

(12} to thereby activate ultrasonic blade (42). In the present example, two buttons (26)
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are provided — one for activating ultrasonic blade (42) at a low power and another for
activating ultrasonic blade (42} at a high power. However, it should be understood that
any other suitable mumber of buttons and/or otherwise selectable power levels may be
provided. For instance, a foot pedal may be provided to selectively activate transducer
assembly (12}, Buttons (26} of the present example are positioned such that an operator
may readily felly operate instrument {10} with a single hand. For instance, the operator
may position their thumb about pistol grip (24), position their middle, ring, and/or Little
finger about trigger (28}, and manipulate buttons {26) using their index finger. Of course,
any other suitable techniques may be used to grip and operate instrument (18} and

buttons {26} may be located at any other suitable positions.

133089} The foregoing components and operabilities of instrument (13} are merely
ithustrative.  Instrument (10) may be configured in numerous other ways as will be
apparent to those of ordinary skill in the art in view of the teachings herein. By way of
example only, at least part of instrument (18} may be constructed and/or operable in
accordance with at feast some of the teachings of any of the following, the disclosures of
which are all incorporated by reference herein: U8, Pat. No. 5,322,055; U.S. Pat. No.
5.873,873; U.S. Pat. No. 5,980,510; U.S. Pat. No. 6,325,811; U.S. Pat. No. 6,783,524,
LS. Pub. No. 2006/0079874; U.S. Pub. No. 2007/0191713; U.S. Pub. No.
2007/0282333; U.S. Pub. No. 2008/0200940; U.S. Pub. No. 2010/0069940; U.S. Pub.
No. 2011/0015660; U.S. Pub. No. 2012/0112687; U.S. Pub. No. 2012/0116265; U.S.
Pub. No. 2014/0005701; and/or U.S. Pub. No. 2014/0114334. Additional mercly
ithustrative variations for instrument (10) will be described in greater detail below, It
should be understood that the below described variations may be readily applied to
instrument (10} described above and any of the instruments referred to in any of the

references that are cited herein, among others.

1060090} B. Exemplary Ultrasonic Surgical Instrument for Open Suvrgical
Procedures
{00091} FIG. 4 itllustrates an exemplary ulirasonic surgical instrument (100} that is

configured to be used in open surgical procedures.  Instrument (100} of this cxample
compriscs a handle assembly (1203}, a shaft assembly (130}, and an end cffector (140).
-14-
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Handle assembly (120} comprises a body (122} inchuding a finger grip ring (124) and a
pair of buttons (126). Instrument (100} also includes a clamp arm assembly (150} that is
pivotable toward and away from body (122}, Clamp arm (150) inchudes a shank (152)
with a thumb grip ring (1543, Thumb grip ring (154} and finger grip ring (124} together
provide a scissor grip type of configuration. [t should be wunderstood, however, that
various other suitable configurations may be used, inchuding but not limited to a pistol

grip configuration.

1606092} Shaft assembly (130} comprises an ounter sheath (132) extending distally from
body {122). A cap (134} is secured to the distal end of sheath (1323, As best seen in
FIGS. 5-6B, end effector (1403 comprises an ultrasonic blade {142} and a clamp arm
(144}, Ultrasonic blade (142} extends distally from cap (134). Clamp arm (144) 1s an
integral feature of clamp arm assembly {150}, Clamp arm (144} includes a clamp pad
{146} facing ultrasonic blade (142). Clamp arm assembly (150} is pivotally coupled with
outer sheath (132) via a pin {(156). Clamp arm (144} is positioned distal o pin (156};
while shank (152} and thumb grip ring (154) are positioned proximal to pin (156}, Thus,
as shown in FIGS. 6A-6B, clamp arm {144) is pivotable toward and away from ultrasonic
blade (142} based on pivoting of thumb grip ring (154) toward and away from body (122)
of handlc assembly (120}, It should thercfore be understood that an operator may
squecze thumb grip ring (154) toward body (122) to thereby clamp tissue between clamp
pad (146) and ultrasonic blade {142) to transect and/or scal the tissuec. In some versions,
on¢ or more resilient members are used to bias clamp arm (144) to the open position
shown in FIG, 6A. By way of example only, such a resilient member may comprise a

leaf spring, a torsion spring, and/or any other suitable kind of resilient member.

166093} Referring back to FIG. 4, an ultrasonic transducer assembly (112) coxtends
proximally from body (122} of handle assembly (120). Transducer assembly (112} is
coupled with a gencrator (116} via a cable (114}, Transducer assembly (112} reccives
electrical power from generator (116} and converts that power into ultrasonic vibrations
through piezoclectric principles.  Generator {(116) may inclade a power source and
control module that is configured to provide a power profile to transducer assembly (112)

that is particularly suited for the generation of ultrasonic vibrations through transducer
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assembly (112). By way of example only, generator (1163 may comprise a GEN 300 sold
by Ethicon Endo-Surgery, Inc. of Cincinnati, Ohio. In addition or in the altemnative,
generator (116} may be constructed in accordance with at least some of the teachings of
USRS, Pob. No. 2011/00872i2, entitled “Surgical Generator for Ultrasonic and
Electrosurgical Devices,” published Aprid 14, 2011, the disclosure of which is
incorporated by reference herein. It should also be understood that at least some of the
functionality of generator (116} may be integrated into handle assembly (120}, and that
handie assembly (120} may even include a battery or other on-board power source such
that cable (114) is omitted. 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.

{860494] Ultrasonic vibrations that are generated by transducer assembly (112} are
communicated along an acoustic waveguide {138), which extends through shaft assembly
{130} to reach ultrasonic blade {142). Waveguide (138} is sceured within shaft assembly
(130} via a pin {not shown}, which passes through waveguide (138) and shaft assembly
(130). This pin is located at a position along the length of waveguide {(13K)
corrgsponding to a node associated with resonant ultrasonic vibrations communicated
through waveguide (138). As noted above, when ultrasonic blade (142) is in an activated
state (i.c., vibrating ultrasonically), ultrasonic blade (142) is operable to cffectively cut
through and scal tissue, particularly when the tissue is being clamped between clamp pad
(146} and ultrasonic blade (142}, It should be understood that waveguide (138) may be
configurcd to amplify mechanical vibrations transmitied through waveguide (138).
Furthermore, waveguide (138) may include features operable to control the gain of the
longitudinal vibrations along waveguide (138} and/or features to tune waveguide (138} to

the resonant frequency of the system.

[60095] In the present example, the distal end of ultrasonic blade (142) is located at a
position corresponding to an anti-node associated with resonant ultrasonic vibrations
comruunicated through waveguide (138), in order to tune the acoustic asserbly o a
preferred resonant frequency f, when the acoustic assembly is not loaded by tissue.

When transducer assembly (112} is energized, the distal end of ultrasonic blade (142) is
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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 28 to about 200
microns at a predetermined vibratory frequency i, of, for example, 55.5 kHz, When
transducer assembly (112} of the present example is activated, these mechanical
oscillations are transmitied through the waveguide to reach ultrasonic blade (102),
thereby providing oscillation of ultrasonic blade {102) at the resonant ultrasonic
frequency. Thus, when tissue is secured between ultrasonic blade (142) and clamp pad
(46}, the pltrasonic oscillation of ultrasonic blade (142} may simultancously sever the
tissue and denature the proteins in adjacent tissue cells, thereby providing a coagulative
cffect with relatively little thermal spread. In some versions, an electrical current may
also be provided through ultrasonic blade (142} and/or clamp pad (146) to also scal the

tissue.

183096} An operator may activate buttons (126} to selectively activate transducer
assembly {112} to thereby activate ultrasonic blade {142). In the present example, two
buttons (126) are provided — one for activating ultrasonic blade (142} at a low power and
another for activating ultrasonic blade (142) at a high power. However, it should be
understood that any other suitable mumber of buttons and/or otherwise sclectable power
levels may be provided. For instance, a foot pedal may be provided to selectively
activate transducer assembly (112). Buttons (126) of the present example are positioned
such that an operator may readily fully operate instrument {100} with a single hand. For
instance, the operator may position their thumb in thumb grip ring (154), position their
ring finger in finger grip ring (124}, position their middle finger about body (122}, and
manipulatc buttons (126) using thewr index finger. Of course, any other suitable
techniques moay be used to grip and operate instruraent (100); and butions (126) may be

focated at anv other suitable positions.
N I

{00097} The forcgoing components and operabilitics of instrument (100} arc mercly
ithustrative.  Instrument (100} may be configured in numerous other ways as will be
apparent to those of ordinary skill in the art in view of the teachings herein. By way of
example only, at least part of instroment (100) may be constructed and/or operable in

accordance with at least some of the teachings of any of the following, the disclosures of
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which are all incorporated by reference herein: U.S. Pat. No. 5,322,055; U.S. Pat. No.
5,873,873; U.S. Pat. No. 5,980,510; 1J.S. Pat. No. 6,325,811; U.5. Pat. No. 6,743,524,
.S, Pub. No. 2006/0079874; US. Pub. WNo. 2007/0i91713; U5, Pub. No.
2007/0282333; U.S. Pub. No. 2008/0200940; U.S. Pub. No. 2010/0063940; U.S. Pub.
No. 2011/0015660; U.S. Pub. No. 2012/0112687; U.S. Pub. No. 2812/0116265; U.S.
Pub. No. 2014/0005701; US. Pub. No. 2014/0114334; and/or UJ.S. Pat. App. No.
14/031,665.  Additional merely tlustrative variations for instroment (100} will be
described in greater detail below. It should be understood that the below deseribed
variations may be readily applied to instrument (100} described above and any of the

instruments referred to in any of the references that are cited herein, among others.

1830938} 1L Exemplary Features for Providing Heat Management in an Ultrasonic

Surgical Instrument

166499} in some instances, one of more regions of instrument (10, 100} may heat up
doring extended operation of instrument (10, 103} in a surgical procedure. By way of
example only, blade (42, 142}, clamp arm (44, 144}, and/or other portions of instroment
(10, 100} may cventually heat up over time. Such heating may be caused by friction
and/or other factors. To the cxtent that the heat is initially generated in one particular
component of instrument (10, 1060) {c.g., blade (42, 142} or clamp arm (44, 144}, etc),
such heat may be gradually transmitted to other portions of instrument (10, 100). It may
be desirable to minimize such heating and/or otherwise manage such heating in order to
avoid having heated portions of instrument (10, 100} contact tissuc that should not be
heated. For instance, the operator may wish for end effector (40, 140} to be relatively
cool when the operator wishes to use end effector (40, 140) to perform spreading blunt
dissections and/or simple tissuc grasping, ctc. It may also be desirable to minimize heat
and/or otherwisc manage heat in a way that docs not significantly increase the size or
operability of instrument (10, 100). Scveral examples of how heating may be minimized
and/or otherwise managed are described in greater detail below; while other examples

will be apparent 1o those of ordinary skill in the art in view of the teachings herein,
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16061061 In addition to the examples described below, it should be understood that one or
more portions of mstrument (10, 100} may include a thermal insulator or barrier coating
{c.g., a thin coating of thermal insulator or barrier material with a very low thermal
conductivity). An example of a thermal insudator or barrier coating is a nanocomposite
{e.g., hydro-NM-oxide) in an acrylic resin suspension. An example of such a coating is
NANSULATE® coating by Industrial Nanotech, Inc. of Naples, Florida,  Additional
merely iHustrative examples of thermal insulator or barrier coatings include the
following: EST 1711 by Ellison Surface Technologies, Inc. of Mason, Ghio; EST 1732
by Ellison Surface Technologies, Inc. of Mason, Ohio; EST 3030 by Ellison Surface
Technologies, Inc. of Mason, Ohio; EST 1711 + EST 3030 by Ellison Surface
Technologics, Inc. of Mason, Ohio; Oxytech V by Techmetals, Inc. of Davton, Ohio;
Alumina Titania; Zirconium Oxide; Aluminum Oxide; and/or various other kinds of

coatings, including combinations thereof.

000101} A thermal insulator or barrier coating may be applied to various external surfaces
of instrument (10, 100}, such as regions of blade (42, 142) that are not intended to contact
tissue, clamp arm (44, 144}, clamp pad (46, 146), outer sheath (32, 132), cap (134), cte.
In addition or in the alternative, such a coating may be applied to various internal
surfaces of instrument (10, 100}, such as surfaces in gencrator (16, 116), transducer
assembly (12, 112), internal clectronics components, ctc. In addition to providing a
thermal barrier or insulation, such a coating may scrve as a corrosion barrier, fire block,
cte. In the below examples that include various components that are added to or
otherwise incorporated into variations of instrument (10, 100}, the coating may also be
applied to onc or more regions of such components. Other suitable ways in which a
thermal coating may be incorporated into instrument (16, 100} and variations thereof will

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

[000102] To the cxtent that any of the examples discussed below are shown and described
in the context of a variation of once particular kind of instrument {10 or 100), it should be
understood that the samce teachings may be readily applicd to the other kind of instrument
(10 or 100). Each example described below should therefore not be viewed as only

having applicability to either mstrument (10) or instrument (100).  Furthermore, it is
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contemplated that the feachings below may be readily applied to other kinds of

fnstruments, not just variations of instruments (10, 100},

000103 In some instances, the heating at an end effector (40, 140) may be caused or
hastened by direct contact between clamp pad (46, 146) and blade (42, 142) while clamp
arm (44, 144} 15 closed and blade (42, 142} is activated, etc. Such direet contact may
occur at regions where tissue 13 not interposed between clamp pad (46, 146) and blade
(42, 142). Some operators may posttion tissue just between the distal portion of clamp
pad {46, 146) and the distal portion of blade (42, 142}, This may occur when end effector
{40, 140 1s used to transect relatively small vessels. When this occurs, the distal portions
of clamp pad (46, 146} and blade {42, 142) may both contact the tissue compressed
between clamp pad {46, 146) and blade (42, 142); vet the proximal portions of clamp pad
(46, 146) and blade {42, 142) may just directly contact cach other. When blade {42, 142)
is activated in such instances, clamp pad (46, 146) and blade (42, 142} may rapidly
generate a significant amount of heat at the proximal portions where the direct contact

GCCUrs.

1800104] It may therefore be desirable to minimize the amount of direct contact between
clamp pad {46, 146) and blade (42, 142}, particularly at the proximal regions of clamp
pad (46, 146} and blade (42, 142}, In other words, it may be desirable to provide staged
engagement between clamp pad (46, 146) and blade (42, 142}, such that the distal regions
of clamp pad (46, 146) and blade (42, 142} cngage first; then the proximal regions of
clamp pad (46, 146) and blade (42, 142). Various cxamples of how an end effector (40,
140} may provide such staged engagement will be described in greater detail below.
Other cxamples will be apparent to those of ordinary skill in the art in view of the
teachings hercin. While the following examples inchude variations of clamp arms {44,
144} and/or clamp pads (46, 146} that provide staged engagement between clamp pad
(46, 146) and blade (42, 142}, 1t should be understood that blade (42, 142) may also be
modified to have one or more features {¢.g., a hump or other protrusion, ete.) that provide
staged engagement between clamp pad (46, 146) and blade (42, 142}, It should also be
understood that, in versions where there is staged engagement between clamp pad (46,

146) and blade (42, 142), clarop pad (46, 146) may be provided in two or more segments.
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For instance, i versions where the distal region of clamp pad (46, 146) engages tissue
first, followed by the proximal region of clamp pad (46, 146) engaging tissue, clamp pad
{46, 146) may be provided in a distal segment and an adjacent proximal segment. The
distal segment may be formed of material(s) providing greater durability and/or some
other difference(s) in propertics as compared to the material(s} forming the proximal
segment,  Other suitable ways in which a clamp pad {46, 146) may be provided in
segments will be apparent to those of ordinary skill in the art in view of the teachings
herein,  Similarly, various kinds of different materials and/or other structural
characteristics that may be used in different clamp pad segments will be apparent to those

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

[600105] A, Exemplary Segmented Clamp Arm
[800106] FIGS. 7-9C depict an exemplary alternative end effector (16483, End effector

{1640) of this cxample is substantially similar to end effector (140} described above. In
particular, end effector {1640) includes an ultrasonic blade (1642} and a pivoting clamp
arm {1600} with clamp pad {1646). Shaft assembly (1630) is substantially similar to
shaft assembly (130} described above. In particular, shaft assembly {1630} includes an
guter sheath (1632) and a cap (1634). Clamp arm {1600} i3 coupled with a shank (1652}
via a leaf spring (1610}, the combination of which is pivotally coupled with outer sheath
(1632) such that clamp arm {1600} pivots toward and away from blade (1642} in response

to pivoting of shank {1652) relative to shaft assembly (1630},

600307} As best seen in FIG. 8, the distal end of shank (1652} presents a slot (1620).
Similarly, the proximal end of clamp arm (1600} presents a slot (1602). Leaf spring
(1610) is secured in slots (1602, 1620}, By way of cxample only, leaf spring (1610) may
be secured in slots (1602, 1620) using an interference fitting, adhesives, and/or any other
suitable structures/techniques. ELeaf spring (1610) is configured to provide a bias to
clamp arm {1600}, FIG. 9A shows clamp arm (1600} in an open position, such that
clamp arm (1600} is spaced away from blade (1642). It should be understood that end
cifector (1640) may be mancuvered to position tissuc between clamp pad (1646) and

blade (1642) while clamp arm {(1600) is in an open position as shown in FIG. 9A.
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[000108] FIG. 9B shows clamp arm (1600) in a first closed position. In this position, the
bias of leaf spring (1610} urges the distal end of clamp pad {1646} into contact with blade
(1642} before the rest of clamp pad (1646} contacts blade (1642}, In other words, clamp
pad (1646} 15 oriented along a plane that is obliquely oriented relative to the opposing
surface of blade (1642). As the operator continues to pivot shank (1652} toward shaft
assembly {1630), leaf spring (1610) begins to deform, allowing clamp arm {1600} to
pivot relative to shank (1652). This deformation of leaf spring (1610} continues to a
point where the full length of clamp pad {1646) is in contact with blade (1642}, as shown
in FIG. 9C. In other words, clamp pad (1646} cventually reaches an orientation where
clamp pad (1646} is oriented along a planc that is parallel to the opposing surface of

blade {1642).

[000109] It should be understood from the foregoing that clamp pad (1646} and blade
(1642) will compress tissue captured between the distal regions of clamp pad (1646) and
blade (1642} before the proximal regions of clamp pad {1646} and blade (1642) come in
contact with cach other. To the cxtent that tissue is positioned between both the distal
regions of clamp pad (1646) and blade {1642) and the proximal regions of clamp pad
(1646) and blade (1642), the tissue at the distal region will be
compressed/transccted/scaled first; followed by the tissuc at the proximal region. It
should also be understood that leaf spring (1610} may provide sufficient stiffness to allow
a sufficient amount of compression during the first stage of clamp arm (1600} closure. In
other words, leaf spring (1610) may allow clamp arm (1600} to apply cnough
compression on  tissuc  to  cnable end cffector (1640} to  successfully
compress/transcet/scal tissuc that is captured between the distal regions of clamp pad
(1646) and blade (1642}, before leaf spring (1610) begins to significantly deform as
shown in FIG. 9C. A suitable spring constant for leaf spring (1610} will be apparent to

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

[000110] It should also be understood that the distal end of shank (1652} and the proximal
end of clamp arm (1600} may include cooperating hard stop featurcs that restrict the
amount of deformation of leaf spring (1610) after end effector {(1640) reaches the second

stage of closure shown in FIG. 9C. Such features may prevent the joint between shank
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(1652) and clamp arm (1600} from becoming hyperestended. Such features may also
enable the operator to apply a significant amount of clamping force to tissue captured
between clamp pad (16463 and blade {1642) after end effector {1640) reaches the second
stage of closure. In other words, the clamping force at this stage may not be affected by
the restlience of leaf spring (1610), such that the combination of shank (1652} and clamp
arm {1600} may behave as if they were a unitary, monolithic structure, Various suitable
configurations for hard stop features will be apparent to those of ordinary skill in the art
in view of the teachings herein. Similarly, other suitable variations of end effector (1648}

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

{00111} B. Exemplary Clamp Arm with Resilient Base and Flexible Clamp
Pad

800112} FIGS. 10-15B depict another exemplary shank (1752}, clamp arm (1709), and
clamp pad (1710) that may be readily incorporated into an end effector such as effector
{140} described above. The proximal end of clamp arm {1700) is inserted into a slot
{(1702) formed at the distal end of shank (1752). The proximal end of clamp arm (1700)
may be seccured in slot (1702} using an interference fitting, adhesives, and/or any other
suitable structures/techniques. In instances where shank (152) and clamp arm (144} are
substituted with shank (1752) and clamp arm (1700}, the combination of clamp arm
(1700) and shank (1752} is pivotally coupled with outer sheath {132) such that clamp arm
(1700) pivots toward and away from blade (142} in response to pivoting of shank (1752)

relative to shaft assembly (130},

1008113} Clamp pad (1710) of the present example is flexibie, such that clamp pad (1710)
is configured to transition from a curved configuration to a flat configuration. As best
scen in FIGS. 11-12, c¢lamp pad (1710} inchades a rail (1712} that is configured to fit
within a channel {1714} formed in shank {1752} and within a slot (1704} formed in clamp
arm (1700). Clamp pad (1710} is thus separately secured to both shank (1752} and clamp
arm (1700}, As best seen in FIGS. 13-14, clamp arm (1700) has a dogleg configuration,
such that the distal portion of clamp arm (1700} is offset from the proximal portion of

clamp arm {1700). This dogleg configuration is characterized by a transition region
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{(1706) that provides the offset. In the present example, the transition region (1706) 1s
positioned closer to the proximal end of clamp arm (1700) than the distal end of clamp
arm (1700). In some other versions, the transition region (1706} is positioned at the
middle of clamp arm (17003, In still other versions, the transition region (1706} is
positioned closer to the distal end of clamp arm (1700) than the proximal end of elamp
army (1700}, While the distal portion of clamp arm (1700} is paraliel to the proximal
portion of clamp arm (1700} in this example, any other suitable orientations may be used.
Other suitable configurations and relationships will be apparent to those of ordinary skl

in the art in view of the teachings herein.

1800114} Clamp arm {1700} of the present example is resilient, such that ¢lamp arm (1700)
is configured to provide a bias to clamp pad (1710}, similar to the bias provided by leaf
spring (1610} described above. In particolar, FIG. 15A shows clamp arm (1700) in a first
closed position. In this position, the bias of clamp arm (1700} urges the distal end of
clamp pad (1710} into contact with blade {1742} before the rest of clamp pad (1710}
contacts blade (1742). In other words, clamp pad {1718} is non-parallcl with the
opposing surface of blade (1742} at this stage. It should be understood that the
orientation of slot (1702} may influecnce the configuration and orientation of clamp arm
(1700} and clamp pad {1718}, particularly before and during the range of travel to the
first closed position. Clamp pad (1710} may define a curved configuration at this stage.
As the operator continucs to pivot shank (1752), clamp arm (1700) begins to deform.
This deformation of clamp arm (1700) continucs to a point where the full length of clamp
pad {1710} i3 in contact with blade (1742), as shown in FIG. 15B. In other words, clamp
pad (1710) cventually reaches an orientation where clamp pad (1710} is oricnted along a
planc that is parallel to the opposing surface of blade (1742). Blade (1742) in this

example is substantially similar to blade (142) described above.

[000115] It should be understood from the forcgoing that clamp pad (1710} and blade
(1742} will compress tissue capturcd between the distal regions of clamp pad (1710} and
blade (1742) before the proximal regions of clamp pad {1710} and blade (1742) come in
contact with cach other. To the cxtent that tissue is positioned between both the distal

regions of clamp pad (1710} and blade (1742) and the proximal regions of clamp pad
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(1710) and  blade (1742), the tissuc at  the distal region will  be
compressed/transected/sealed first; followed by the tisspe at the proximal region. It
shonld also be understood that clamp arm (1700} may provide sufficient stiffuess to allow
a sufficient amount of compression during the first stage of clamp arm (1700} closure. In
other words, clarmp arm (1700) may apply enough compression on tissue to enable the
end effector {1740} to successfully compress/transect/seal tissue that is captured between
the distal regions of clamp pad (1710} and blade (1742), before clamp arm (1700) begins
to significantly deform as shown in FIG. 15B. A suitable spring constant for clamp arm
(1700) will be apparent to those of ordinary skill in the art in view of the teachings

herein.

[600116] C. Exemplary Clamp Arm with Restlient Base and Flexible Clamp
Pad and Hard Stop

[600117] FIGS. 16-20 depict another exemplary shank (1852), clamp arm (18003, and
clamp pad (1810} that may be readily incorporated into an end effector such as effector
{140} described above. The proximal end of clamp arm (1800} is inserted into a slot
(1802} formed at the distal end of shank (1852). The proximal end of clamp arm (1800}
may be sccured in slot (1802) using an interference fitting, adhesives, and/or any other
suitable structures/techniques. In instances where shank (152} and clamp arm (144} arc
substituted with shank {1852} and clamp arm (18030}, the combination of clamp arm
(1800} and shank (1852} is pivotally coupled with outer sheath (132} such that clamp arm
{(1800) pivots toward and away from blade {142} in response to pivoting of shank (1852}

refative to shaft assembly (130},

(606118} Clamp pad (1810} of the present example is flexible, such that clamp pad (1810}
is configured to transition from a curved configuration to a flat configuration. Similar to
clamp pad {1710} described above, clamp pad (1810} of this example includes a rail
(1812} that is configured to fit within a channel (1814) formed in shank (1¥52) and
within a slot (1804} formed in clamp arm (1800). Clamp pad (1810) is thus scparately
sccured to both shank (1852} and clamp arm (1800}, As best scen in FIG. 20, clamp arm

(1800} has a dogleg configuration, such that the distal portion of clamp arm (1800) is
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offset from the proximal portion of clamp arm (1800). This dogleg configuration is
characterized by a transition region (1806) that provides the offset. In the present
example, the transition region {1806} is positioned closer to the proximal end of clamp
army {(1800) than the distal end of clamp arm (18083 In some other versions, the
transition region {1806} is positioned at the middie of clamp arm {(1800). In still other
versions, the transition region {1806} is positioned closer to the distal end of clamp arm
{1800) than the proximal end of clamp arm (1800}, While the distal portion of clamp arm
{1800} is parallel to the proximal portion of clamp arm (1800} in this example, any other
suitable orientations may be used. Other suitable configurations and relationships will be

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

[600119] Clamp arm (1808} of the present example is resilient, such that clamp arm (1800}
is configured to provide a bias to clamp pad (1818}, similar to the bias provided by clamp
arm {1700} described above. Thus, when clamp arm (1800) is in a first closed position,
the bias of clamp arm (1800} urges the distal end of clamp pad (1810) into contact with a
blade before the rest of clamp pad (1810} contacts the blade. In other words, clamp pad
(1810} is non-paralict with the opposing surface of the blade at this stage. It should be
understood that the orientation of slot {1802) may influence the configuration and
orientation of clamp arm (1000) and clamp pad {1810}, particularly before and during the
range of travel to the first closed position. Clamp pad (1810) may define a curved
configuration at this stage. As the operator continues to pivot shank (1852}, clamp arm
(1800} begins to deform. This deformation of clamp arm (1800) continues to 3 point
where the full length of clamp pad (1810) is in contact with the blade. In other words,
clamp pad (1810) eventually reaches an orientation where clamp pad (1810) is oriented

along a plane that is parallel to the opposing surface of the blade.

{000120] It should be understood from the foregoing that clamp pad (1810} and the blade
will compress tissue captured between the distal regions of clamp pad (1810} and the
blade before the proximal regions of clamp pad (1810) and the blade come in contact
with cach other. To the extent that tissue 18 positioned between both the distal regions of
clamp pad (1810) and the blade and the proximal regions of clamp pad (1810) and blade,

the tissue at the distal region will be compressed/transected/sealed first; followed by the
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tissue at the proximal region. ¥t should also be understood that clamp arm (1800) may
provide sufficient stiffness to allow a sufficient amount of compression during the first
stage of clamp arm (1800) closure. In other words, clamp arm (1808} may apply enough
compression on tissue fo enable the end effector to successfully compress/transect/seal
tissue that is captured between the distal regions of clamp pad (1810} and the blade,
before clamp arm (1800} begins to significantly deform in the second stage of closure. A
suitable spring constant for clarmp arm (18300} will be apparent to those of ordinary skill

in the art in view of the teachings herein.

[600121] Clamp arm (1800} of the present example further includes a pair of vanes (180K}
that are configured to engage the distal end of shank {1&32) after clamp arm (180{)
reaches the second stage of closure (where clamp pad (1818} is oriented along a plane
that is paralle] to the opposing surface of the blade}). This engagement provides a hard
stop that prevents the joint between shank (1852} and clamp arm (1800} from becoming
hyperextended. Such features may also enable the operator to apply a significant amount
of clamping force to tissue captured between clamp pad {1810} and a blade after the end
cffector reaches the sccond stage of closure. In other words, the clamping force at this
stage may not be affected by the resilience of clamp arm (1800}, such that the
combination of shank {1852} and clamp arm (1800} may behave as if they were a unitary,
monolithic structure. Various suitable configurations for hard stop features will be

apparent to those of ordinary skill in the art in view of the teachings hercin.
{606122] D. Exemplary Clamp Arm with Flex Mount Feature

{B00123} FIGS. 21A-21C show another exemplary alternative end effector (1940). End
effector (1940} of this cxample is substantially similar to end cffector {140} described
above. In particular, end cffector {1940} inchudes an ultrasonic blade (1942) and a
pivoting clamp arm (1900) with clamp pad (1946). Shaft assembly (1930} is
substantially similar to shaft assembly (130} described above. In particular, shaft
assembly (1930} includes an outer sheath (1932} and a cap (1934). Clamp arm {1944) is
coupled with a shank (1952} via a flexible section {1900}, the combination of which is

pivotally coupled with outer sheath (1932} such that clamp arm (1944} pivots toward and
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away from blade (1942) in resgponse to pivoting of shank (1952) relative to shaft
assembly (1930). In the present example, clamp arm (1944), shank (1952}, and flexible
section {19004} together form a unitary, monolithic structure.  In some other versions,
clamp arm {1944), shank (1952}, and flexible section (1900} are initially separate
components that are joined together after they are formed. For instance, clamp arm
{1944} and shank (1952} may be separately formed; with flexible section (1900) being
formed by a pin that pivotally conples clamp arm (1944) and shank {1952) together. A

torsion spring may be used to provide a pivotal bias.

[660124] Flexible section (1900) is resilient in this example, such that flexible section
{1900} is configured to provide a bias to clamp arm (1944). FIG. 21 A shows clamp arm
{(1944) in an open position, such that clamp arm (1944) i3 spaced away from blade
{1942}, 1t should be understood that end effector (1940} may be maneuvered to posttion
tissue between clamp pad (1946) and blade (1942) while clamp arm (1944} is in an open

position as shown in FIG. 21A,

[600125] FIG. 21B shows clamp arm (1944} in a first closed position. In this position, the
bias of flexible section (1900} urges the distal end of clamp pad (1946} into contact with
blade (1942} before the rest of clamp pad {1946) contacts blade (1942). In other words,
clamp pad (1946} is oriented along a planc that is obliqucly oriented relative to the
opposing surface of blade (1942). As the operator continues to pivot shank (1952)
toward shaft assembly {1930}, flexible section (1900} begins to deform, allowing clamp
arm (1944) to pivot relative to shank {1952}, This deformation of flexible section (1900)
continucs to a point where the full length of clamp pad (1946) is in contact with blade
{1942}, as shown tn FIG. 21C. In other words, clamp pad (1946) cventually reaches an
origntation where clamp pad (1946} is oricuted along a planc that is parallel to the

opposing surface of blade (1942).

{000126] It should be understood from the foregoing that clamp pad (1946} and blade
(1942} will compress tissue capturcd between the distal regions of clamp pad (1946) and
blade (1942) before the proximal regions of clamp pad {1946} and blade (1942) come in

contact with cach other. To the cxtent that tissue is positioned between both the distal
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regions of clamp pad (1946) and blade (1942) and the proximal regions of clamp pad
(1946} and  blade (1942), the tissue at the distal region will be
compressed/transected/sealed first; followed by the tissue at the proximal region. It
should also be understood that flexible section (1900} may provide sufficient stiffness to
allow a sufficient amount of compression during the first stage of clamp arm (1944)
closure. In other words, flexible section {1900} may aliow clamp arm (1944} to apply
enough compression on tissue to enable end effector (1943} to successfully
compress/transect/seal tissue that s captured between the distal regions of clamp pad
(1946} and blade (1942), before flexible section (1900} begins to significantly deform as
shown in FIG. 21C. A suitable spring constant for flexible section {1900} will be

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

18003271 It should also be understood that the orientation and relationship between flexible
section (1900} and clamp arm {1944) may provide an cffective hard stop that prevents
flexible section (1900} from flexing any further once end effector (1940} reaches the
second stage of closure. For instance, the positioning of flexible section {1900} on the
underside of clamp arm (1944} may provide an effective hard stop once end effector
{1940) reaches the second stage of closure. It may also promote the functioning as a hard
stop if flexible section (1900} is substantially longitudinally contered along the underside
of clarop arm (1944). The functioning as an cffective hard stop may cnable the operator
to apply a significant amount of clamping force to tissue captured between clamp pad
(1946} and blade (1942} afier end effector (1940) reaches the second stage of closure.
Cther suitable variations of end effector (1940} will be apparcnt to those of ordinary skill

in the art in view of the teachings herein,
1000128} £ Exemplary Clamp Arm with Integral Flex Section

{606129] FIGS. 22-23 show another cxemplary alternative end effector (2040). End
cffector {2040 of this example is substantially similar to end effector {140} deseribed
above. In particular, cnd effector (2040} includes an ultrasonic blade (2042} and a
pivoting clamp arm (2000) with clamp pad (2046).  Shaft assembly (2030) is

substantially similar to shaft assembly {130} described above. In particular, shaft
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assembly (20303 includes an outer sheath (2032) and a cap (2034}, Clamp arm (2044) 18
coupled with a shank (2052) via a flexible section (2000), the combination of which 1s
pivotally coupled with outer sheath (2032) such that clamp arm (2044) pivots toward and
away from blade (2042} in response to pivoting of shank (2052) relative to shaft
assembly (2030}, In the present example, clamp arm (2044}, shank (2052), and flexible
section (2000} together form a unitary, monolithic structure.  In some other versions,
clamp arm (2044), shank (2032), and flexible section (2000) are imitially separate

components that are joined together after they are formed.

[660130] Flexible section (20003 is resilient in this example, such that flexible section
(2000} is configured to provide a bias to clamp arm {2044). Flexible section (2000)
comprises a plarality of segments (2002} that form a zigzag pattern. In some versions, a
flexible sleeve {¢.g., formed of silicone, etc.} is positioned over flexible section {2000) to

prevent segments {2002} from getting snagged on tissue.

1800131} When clamp arm (2044) s in a first closed position, the bias of flexible section
{(2000) urges the distal end of clamp pad (2046} into contact with blade (2042) before the
rest of clamp pad (2046} contacts blade (2042}, In other words, clamp pad {2046) is non-
parallel with the opposing surface of blade (2042} at this stage. As the operator continues
to pivot shank {2052} toward shaft assembly (2030}, flexible section (2000) begins to
deform. This deformation of flexible section (2000} continues to a point where the full
length of clamp pad (2046) is in contact with blade (2042). In other words, clamp pad
(2046) cventually reaches an orientation where clamp pad {2046) is oriented along a

plane that is parallel to the opposing surface of blade (2042},

{600132] It should be understood from the foregoing that clamp pad (2046) and blade
(2042} will compress tissuc captured between the distal regions of clamp pad (2046) and
blade (2042} before the proximal regions of clamp pad (2046} and blade {2042} come in
contact with cach other. To the extont that tissuc is positioned between both the distal
regions of clamp pad (2046} and blade (2042} and the proximal regions of clamp pad
(2046) and blade (2042), the tissuc at the distal region  will  be

compressed/iransected/sealed first; followed by the tissue at the proximal region. It
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should also be understood that flexible section (2000) may provide sufficient stiffhess to
allow a sufficient amount of compression during the first stage of clamp arm (2044)
closure. In other words, flexible section (2000} may allow clamp arm (2044} to apply
enough compression on tissue 1o enable end effector (2040} to  successfully
compress/transect/secal tissue that is captured between the distal regions of clamp pad
{2046} and blade (2042}, before flexible section (2000} begins to significantly deform. A
suitable spring constant for flexible section (2000 will be apparent to those of ordinary

skill in the art in view of the teachings herein.

{606133] it should also be understood the configuration of segments (2002} may provide a
hard stop that prevents flexibie section (2000} from flexing any further once end effector
{2040} reaches the second stage of closure. For instance, opposing surfaces on the lower
regions of segments (2002} may engage cach other when end effector {2040) reaches the
second stage of closure, and this engagement may prevent further flexing of flexible
section {2000). The hard stop may enable the operator to apply a significant amount of
clamping force to tissuc captured between clamp pad (2046) and blade (2042) after end
cffector (2040) reaches the second stage of closure. Other suitable variations of end
effector {2040y will be apparent to those of ordinary skill in the art in view of the

teachings herein.
{606134] F. Exemplary Clamp Arm with Resilient Set-Off

{B30135} FIGS. 24-25C show components of another exemplary alternative end effector
(2140). End effector (2140} of this example is substantially similar to end cffector {40)
described above. In particular, end cffector (2140) inchides an ultrasonic blade (2142)
and a pivoting clamp arm {(2144) with clamp pad (2146). Shaft asscmbly (2130} is
substantially similar to shaft assembly (30) described above. In particular, shaft assembly
(2130) includes an outer sheath (2132) and an mner tube (2134}, Clamp arm (2144} is
pivotally coupled with outer sheath {2132) and with inncr tube (2134}, such that clamp
arm (2144) pivots toward and away from blade (2142} in response o translation of inner

tube (2134) relative to outer sheath (2132},
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{600136} In the present example, clamp pad (2146) is secured to clamp arm (2144) by a leaf
spring (2100}, Leaf spring (2100) has a dogleg configuration such that the distal portion
of leaf spring (2100) 18 offset from the proximal portion of leaf spring (2100). This
provides a gap between the distal end of clamp pad (2146} and the distal end of clamp
arm (2144). This dogleg configuration is characterized by a transition region {2106) that
provides the offset. In the present example, the transition region (2106} is positioned at
the middie of clamp arm (2144} and clamp pad (2146}, In some other versions, transition
region {2106} is positioned closer to the proximal end of clamp arm (2144) and clamp
pad (2146} than the distal end of clamp arm (2144} and clamp pad (2146). In some other
versions, the transition region (2106) s positioned closer to the distal end of clamp arm
(2144) and clamp pad {2146} than the proximal end of clamp arm (2100} and clamp pad
(2146). While the distal portion of leaf spring (2100} is parallcl to the proximal portion
of leaf spring (2100) in this example, any other suitable orientations may be used. Other
suitable configurations and relationships will be apparent to those of ordinary skill in the
art in view of the teachings herein. Clamp pad (2146) is flexible in the present cxample,

such that clamp pad (2146) conforms to the shape of leaf spring (2100},

{606137] Leaf spring (2100} of the present example is resilient, such that leaf spring (2100}
is configured to provide a bias to clamp pad (2146}, FIG. 25A shows clamp arm (2144)
in an open position, such that clamp arm (2144) is spaced away from blade (2142). It
should be understood that end effector (2140) may be mancuvered to position tissuc
between clamp pad (2146) and blade (2142) while clamp arm (2144) is in an open

position as shown in FIG. 25A.

{600138] FIG. 258 shows clamp arm (2144) in a first closed position. In this position, the
bias and dogleg configuration of leaf spring (2100) urges the distal end of clamp pad
(2146} into contact with blade (2142} before the rest of clamp pad (2146) contacts blade
(2142). In other words, clamp pad (2146) 15 non-parallel with the opposing surface of
blade (2146} at this stage. As the operator continues to pivot clamp arm (2144) toward
blade (2142), lcaf spring (2100} begins to deform. Clamp pad (2146) deforms with lcaf
spring {2100). This deformation of leaf spring (2100} and clamp pad (2146) continues to
a point where the full length of clamp pad (2146) is in contact with blade (2142}, as
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shown in FIG. 25C. In other words, clamp pad (2146} eventually reaches an orientation
where clamp pad (2146} is oriented along a plane that is parallel to the opposing surface

of blade (21423,

[000139] It shoold be understood from the foregoing that clamp pad (2146) and blade
{2142y will compress tissue captured between the distal regions of clamp pad (2146) and
blade (2142} before the proximal regions of clamp pad {2146} and blade (2142} come in
contact with cach other. To the extent that tissue is positioned between both the distal
regions of clamp pad (2146) and blade {2142) and the proximal regions of clamp pad
(2146) and blade (2142), the tussue at the distal region will be
compressed/transected/sealed first; followed by the tissne at the proximal region. It
should also be understood that leaf spring (2100) may provide sufficient stiffness to allow
a sufficient amount of compression during the first stage of clamp arm (2144 closure. In
other words, leaf spring (2100) may allow clamp arm (2144) to apply cnough
compression on  tissuc  to  cnmable end effector (2140} to  successfully
compress/transect/scal tissue that is captured between the distal regions of clamp pad
(2146) and blade (2142), before leaf spring (2100) begins to significantly deform as
shown in FIG. 25C. A suitable spring constant for leaf spring (2104} will be apparent to

those of ordinary skill in the art in view of the teachings herein.
{600146] G. Exemplary Clamp Arm with Pivoting Clamp Pad

000141} FIGS. 26A-26C show another exemplary alternative end effector (2240). End
effector (2240) of this cxample is substantially similar to ond effector {(40) described
above. In particular, end cffector {2240} inchudes an ultrasonic blade (2242) and a
pivoting clamp arm (2244) with clamp pad (2246). Shaft assembly (2230} is
substantially similar to shaft assembly (30) described above. In particular, shaft assembly
(2230) includes an outer sheath (2232) and an mner tube (2234}, Clamp arm (2244} is
pivotally coupled with outer sheath {2232) and with inncr tube (2234}, such that clamp
arm (2244) pivots toward and away from blade (2242} in response o translation of inner

tube (2234) relative to outer sheath (22323,
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[000142] In the present example, clamp pad (2246} is pivotally coupled with clamp arm
(2244} by a pin (2200). A coil spring {2202) is positioned between the distal end of
clamp pad (2246) and the distal end of clamp arm (2244).  Coil spring (2202} is
configured to bias the distal ¢nd of clamp pad (2246) away from the distal end of clamp
arm (2244). Of course, any other kind of resilient member may be used, inchuding but

not Himited to a torsion spring, a leaf spring, cte.

600143} FIG. 26A shows clamp arm (2244) in an open position, such that clamp arm
(2244} s spaced away from blade (2242). 1t should be understood that end effector
{2240) may be mancuvered to position tissue between clamyp pad {2246} and blade (2242)

while clamp arm {2244) is tn an open position as shown in FIG. 26A.

[600144] FIG. 26B shows clamp arm (22443 in a first closed position. In this position, the
bias of coil spring (2202) wrges the distal end of clamp pad (2246) into contact with blade
{2242) before the rest of clamyp pad (2246) contacts blade (2242). In other words, clamp
pad (2246} is non-paralict with the opposing surface of blade {2242) at this stage. As the
operator continues to pivot clamp arm (2244) toward blade (22423, coil spring (2202)
beging to compress. This provides pivoting of clamp pad (2246) toward clamp arm
(2244). This compression of coil spring (2202} and pivoting of clamp pad (2246)
continucs to a point where the full length of clamp pad (2246) is in contact with blade
(22423, as shown in FIG. 26C. In other words, clamp pad (2246) eventually reaches an
oricntation where clamp pad (2246} is oriented along a planc that is parallel to the

opposing surface of blade (2242).

{000145] It should be understood from the foregoing that clamp pad (2246} and blade
(2242) will compress tissue captured between the distal regions of clamp pad (2246) and
blade (2242} before the proximal regions of clamp pad {2246} and blade (2242) come in
contact with cach other. To the cxtent that tissue is positioned between both the distal
regions of clamp pad (2246) and blade {2242) and the proximal regions of clamp pad
(2246) and  blade (2242), the tissue at the distal region will be
compressed/transccted/sealed first; followed by the tissuc at the proximal region. It

should also be understood that coil spring (2202} may provide sufficient stiffness to allow
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a sufficient amount of compression during the first stage of clamp arm (2244) closure. In
other words, coil spring (2202) way allow clamp arm (2244) to apply e¢nough
compression  on  tissug  to enable eond effector {2240} to  successfully
compress/transect/seal tissue that is captured between the distal regions of clamp pad
(2246) and blade (2242}, before coil spring (2202) begins to significantly compress as
shown in FIG. 260C. A suitable spring constant for cotl spring (2202} will be apparent to

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

1300146} FIG. 27 shows a merely illustrative variation of end effector (2240). In particular,
FIG. 27 shows an end effector (2340} that is identical to end effector (2240) except that a
pin {2300) joining clamp pad (2346} and clamp arm (2344} is located at the longitudinal
midpoint of clamp arm (2344} and clamp pad (2346} (instead of being located at the
proximal end of clamp arm (2344) and clamp pad (2346)). As with operation of end
cffector (2240} described above, the distal end of clamp pad (2346} will first engage
blade (2342} before the proximal portion of clamp pad {2346) engages blade (2342)
during an initial phase of the closure stroke of clamp arm (2344}, Once clamp amm
(2344) rcaches the full closure stroke, coil spring (2302} compresses and clamp pad

(2346) pivots at pin (2300} such that the fisll length of clamp pad {2346) engages blade

(2342}

1603147} FIG. 28 shows a merely illustrative variation of end effector (2340). In particular,
FIG. 28 shows an end cffector (2440} that is identical to end effector (2340) except that a
cotl spring (2402} biasing clamp pad {2446) about pin (2400) is iocated at the proximal
end of clamp arm (2444} and clamp pad (2446) (instead of being located at the distal end
of clamp arm (2444} and clamp pad (2446)). During operation of end effector (2440), the
proximal end of clamp pad (2446} will first cngage blade (2442) before the distal portion
of clamp pad (2446) cngages blade (2442) during an initial phase of the closure stroke of
clamp arm (2444}, Once clamp arm (2444) rcaches the full closure stroke, coil spring
(2402) compresses and clamp pad (2446) pivots at pin (2400) such that the full length of
clamp pad (2446} cngages blade (2442). As another variation, the full length of clamp
pad (2446) may cngage blade (2442) during the initial phase of the closure stroke of

clamp arm (2444). It should also be understood that an mstrument may inchude a foggle
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selector enabling an operator to seleet between having a coil spring (2302, 2402)
positioned distally {(as shown in FIG. 27} or proximally (as shown in FIG. 283 Some
examples of toggle selection features are described in greater detail below; while other

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

herein.
1000148} H. Exemplary Clamp Arm with Pivoting Segments
600149} FIGS. 29-30B show components of another exemplary aliernative end effector

(2540). End effector {2540) of this example is substantially similar to end effector (40)
described above. In particular, end effector (2540) includes an ultrasonic blade (2542)
and a pivoting clamp arm assembly (2500) with a pair of clamp pads (2502, 2504).
Clarmp arm assembly (2500} pivots toward and away from blade (2542) in response to

transiation of an inner tube relative to an outer sheath.

{600150] Clamp arro asserobly (2500) of the present example comprises a distal segment
(2510} and a proximal segment (2520), which are pivotally joined together by a pin
(2506}, Distal segment (2510) comprises a pair of interior bosses {2512) and an upper
interior surface (2514}, Clamp pad (2502} is secured to the underside of distal segment
(2510). Proximal segment (2520} comprises a distal nose portion (2522} that includes an
axtally extending lower exterior surface {2526} and an obliquely angled upper exterior
surface {2524}, Proximal segment (2520) also includes interior bosses (2528}, Clamp
pad (2504} is secured o the underside of proximal segment (25203, A leaf spring (2508)
is securcd between bosses (2512} of distal segment {2510} and also between bosses

2528) of proximal scgment (2520},
2528 of ¢ I seg 0

[600151] Leaf spring (250K} is configured to resiliently bias distal segment (2518} into an
oblique origntation relative to proximal segment (25283, as shown in FIG. 30A. As also
shown in FIG. 30A, upper exterior surface (2524 of nose portion {2522) engages the
upper interior surface (2514 of distal segment (2510}, thereby restricting the pivotal

position of distal segment (2510} relative to proximal segment (2520).
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[800152] During operation of end effector (25403, clamp arm assembly {2500) s pivoted
toward the position shown in FIG. 304, mnitially capturing tissue between distal clamp
pad (25023 and blade {2542). The resilient bias of leaf spring (2508) and the pivotal
positioning of segment (2510} by pin {2536} provides engagement between distal clamp
pad (2502} and the tissue before proximal clamp pad (2504} contacts cither tissue or
blade (25423, In other words, clamp pad (2504} is still spaced away from blade (2542) at
this stage. As the operator continues to pivot clamp arm assembly (2500} toward blade
(2542}, leaf spring (250K} begins to deform by substantially straightening out, as clamp
arm scgments (2510, 2520) pivot relative to cach other. Clamp arm segments (2510,
2520} arc cventually pivoted into alignment with ecach other as shown in FIG. 30B.
Lower exterior surface {2526) of nosc portion (2522) engages the upper boss (2512} of
distal segment (2510}, providing a hard stop that prevents further pivoting between
scgments (2510, 25203, At this stage, both clamp pads (2502, 2504} compress tissue

against blade (2542},

(600153 It should be understood from the foregoing that clamp pad (2502) and blade
(2542) will compress tissue before the clamp pad (2504) and blade (2542} come in
contact with cach other. To the cxtent that tissue is positioned between both clamp pad
(2502) and blade {2542) and clamp pad (2504) and blade (2542}, the tissuc at the distal
region will be compressed/transected/scaled first; followed by the tissue at the proximal
region. 1t should also be understood that leat spring (2508} may provide sufficicnt
stiffiness to allow a sufficient amount of compression while clamp pad (2502} is the only
clamp pad (2502, 2504} cngaging tissuc during the first stage of closure. In other words,
lcaf spring (2508) may allow clamp pad (2502) to apply enough compression on tissuc to
cnable cnd effector (2540) to successfully compress/transect/scal tissuc that is captured
between the clamp pad (2502} and blade (2542}, before leaf spring (2508) begins to
significantly deform as shown in FIG, 30B. A suitable spring constant for leaf spring
(2508} will be apparcot to those of ordinary skill in the art in view of the teachings

herein.

[600154] In some variations of end effector (2540), blade (2542) includes a bump or other

protrusion extending foward a region of clamp pad (2502) associated with a low point in

-
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the pressure profile during the closure stroke of clamp arm assembly (2500). A suitable
location and configuration for such a bump or other protrusion will be apparent to those
of ordinary skill in the art in view of the teachings bercin. It should also be understood
that clamp pads (2502, 2504} may be substituted with a single clamp pad that extends
along both segments (2510, 2520} Such a single clamp pad may be flexible, could
include a hinge, or could have some other configuration. Furthermore, while clamp arm
assembly (25003 of the present example has two segments (2510, 2520), clamp arm
assembly (2500} may instead have three or more segments. Other suitable variations of
end effector (2540) will be apparent to those of ordinary skill in the art in view of the

teachings herein.

[BOB1S5] L Exemplary Clamp Arm with Wedge-Shaped Clamp Pad
[H0015s] FIGS. 31A-31C show another exemplary alternative end effector (2640). End

effector (2640} of this example is substantially similar to end effector {40} described
above. In particular, end effector (2640} includes an ultrasonic blade {(2642) and a
pivoting clamp arm (2644) with clamp pad (2646).  Shaft assembly (2630} is
substantially similar to shaft assembly {30} described above. In particular, shaft assembly
(2630) includes an outer sheath {2632) and an imner tube (2634}, Clamp arm (2644} is
pivotally coupled with outer sheath {2632) and with inncr tube (2634), such that clamp
arm (2644) pivots toward and away from blade {2642} in response to translation of inner

fitbe (2634 relative to outer sheath (2632},

(600157} Clamp pad (2646} of the present example has a wedge shape. In particular, the
distal portion of clamp pad {2646} is thicker than the proximal portion of clamp pad
(2646), with the thickness gradually tapering down from the distal end to the proximal
end. The taper of clamp pad (2646) is configured such that the distal end of clamp pad

(2646) will contact blade (2642} before the proximal end of clamp pad (26463,

{B00158] FIG. 31A shows clamp arm (2644} in an open position, such that clamp arm
(2644} is spaced away from blade (2642}, It should be understood that end cffector
(2640} may be manecuvered to position tissue between clamp pad (2646} and blade (2642
while clamp arm (2644} is in an open position as shown in FIG. 31A.
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{600159] FIG. 318 shows clarop arm (2644) in a first closed position. In this position, the
taper of clamp pad (2646} provides contact between the distal end of clamp pad (2646)
and blade {2642) before the rest of clamp pad (2646} contacts blade (2642}, In other
words, clamp pad (2646} is non-parallel with the opposing surface of blade (2642} at this
stage. As the operator contimues to pivot clamp arm (26443 toward blade (26423, clamp
pad (2646} deforms blade (2642) to a point where the full length of clamp pad (2646) 1s
in contact with blade (2642}, as shown in FIG. 31C. In other words, clamp pad (2646)
and blade (2642) together eventually reach an orvientation where clamp pad (2646} is
oriented along a planc that is parallel to the opposing surface of blade (2642). Blade

(2642} 1s deflected relative to a longitudinal axis (LA} at this stage.

{6001 60} it should be understood from the foregoing that clamp pad (2646} and blade
(2642} will compress tissue captured between the distal regions of clamp pad (2646} and
blade (2242} before the proximal regions of clamp pad (2246} and blade {2242} come in
contact with cach other. To the extent that tissue is positioned between both the distal
regions of clamp pad (2646} and blade (2642} and the proximal regions of clamp pad
(2646 and  blade (2642), the tissue at the distal region will be
compressed/transected/sealed first; followed by the tissue at the proximal region. It
should also be understood that the depicted angle of taper of clamp pad {2646) shown in
FIGS. 31A-31C, and the depicted angle of deflection of blade (2642) shown in FIG. 31C,
arg cxaggerated for tHustrative effect. In practice, the angles of taper and deflection may
be significantly smallcr than what is shown in the present drawings. Furthermore, the
angle of taper may be different from the angle of deflection. Suitable angles of taper and

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

herein,
(000161} J. Exemplary Cam Paths for Clamp Arm Pivot Pins
[008162] The cxampies described above provide staged engagement where the distal

regions of the clamp pad and blade engage first, followed by the proximal regions of the
clamp pad and blade. Thus, at the end of the closure stroke for the clamp arm, the full

length of the clamp pad may be in contact with the blade. Even if tissue is interposed
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between portions of the lengths of the clamp pad and blade, the rest of the lengths of the
clamp pad and blade may still be in direct contact with cach other. Instead of providing
this full length or significant length contact, it may be desirable to provide controlled,
minimized local contact throughout the entire closure stroke of the clamp arm. In other
words, it may be desirable to provide localized contact between the clamp pad and the
blade, with the position of the localized contact changing during the closure stroke of the
clamp arm. The examples described below provide such localized, dynamic contact

between the clamp pad and the blade during the closure stroke of the clamp arm.

{600G163] in the examples described below, the localized contact begins at the proximal end
of the clamp arm and blade and moves distally along the corresponding lengths of the
clamp arm and blade. In some variations, the localized contact begins at the distal end of
the clamp arm and blade and moves proximally along the corresponding lengths of the
clamp arm and blade. In cither case, it should be understood the controlled localization
of the contact may minimize the amount of heat that might otherwise be gencrated in the
clamp arm and/or in the blade from direct contact during activation of the blade. In other
words, the localized, dynamic contact described below may reduce the gencration of heat
similar to the reduction in heat gencrated by the end cffectors having staged contact

between a clamp pad and blade as described above.

16003164} FIGS. 32A-32C show an exemplary ond coffector (2740} that includes an
gltrasonic blade (2742), a clamp arm (2744), and a clamp pad (2746). By way of
example only, end ecffector (2740) may be used to substitute end effector (40} in
instrument (13). End effector (2740) of this example provides localized, dynamic contact
between clamp pad (2746) and blade (2742).  In particular, clamp arm (2744} is driven
by proximal translation of an inner tube (2760} relative to an outer tube (2770). Inner
tube (2760} defines a proximal cam channel (2762) and a distal cam channel (2764}
Cuter tube (2770} defings a vertically extending retainer channel (2772). Clamp arm
(2744) includes a proximal pin (2780} that is shidably disposed within proximal cam
channel (2762). Clamp arm (2744} also includes a distal pin (2782) that is slidably
disposcd within both distal cam channel (2764) and retainer channel (2772). In the

~O
/
I

present example, pins (2780, 2782) extend outwardly from both lateral sides of clamp

-4~



WO 2015/081040 PCT/US2014/067221

arm (2744). It should thercfore be understood that the side of inner tube (2760) that 1s
opposite to the depicted side of inner tube (2760) may include channels that are identical
to channels {2762, 2764}, Likewise, the side of outer tube (2778} that is opposite to the
depicted side of outer tube (2770} may include a channel that is identical to channel

(2772).

[300165] Channels (2762, 2764) and the tissue contacting surface of clamp pad {2746) are
contonred to provide localized, dynamic contact between clamp pad {2746) and blade
(2742). In particular, when inner tube {2760} is in a distal position relative to outer tube
(2770), clamp arm {2744} is in an open postiion such that clamp pad (2746} is spaced
away from blade (2742) as shown in FIG. 32A. At this stage, tissue may be positioned
between clamp pad (27463 and blade (2742). With tissue appropriately positioned, inner
fibe (2760 is retracted proximally relative to outer tube (2778} to drive clamp arm
(2744) and clamp pad (2746) toward blade (2742). Through camming interaction
between pins {2780, 2782) and corresponding channels (2762, 2764, 2782), this
retraction of inner tube (2760} relative to outer tube (2770) causes clamp arm {2744) to
pivot toward blade (2742}, As shown in FIG. 32B, this initially provides contact between
a localized proximal portion of clamp pad (2746} and blade (2742). As inner tube (2760)
continucs to retract relative to outer tube (2770), camming interaction between pins
(2780, 2782) and corresponding channels (2762, 2764, 2782) continues to drive clamp
arm (2744) toward blade (2742). As shown in FIG. 32C, this transitions the localized
contact between clamp pad (2746) and blade (2742) distally from a proximal portion of
clamp pad {2746} to a distal portion of clamp pad (2746). Thus, at any given moment
during the closure stroke of clamp arm (2744), only a small localized portion of clamp
pad (2746) may contact blade (2742). 1t should be understood that the transection/sealing
of tissue in end cffector (27403 may roove distally along the length of blade (2742) in

accordance with the dynamic contact between clarop pad (2746) and blade (2742},

(000166} FIGS. 33A-33C show another cxemplary end coffector (28403 that includes an
ultrasonic blade (2842), a clarop arm (2844}, and a clamp pad (2846). By way of
example only, end ectfector (2840) way be used to substituie end effector (40) in

nstroment (10}, End effector (2840) of this exarple provides localized, dynamic contact
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between clamp pad (2846) and blade (2842).  Tn particular, clamp arm (2844) 1s driven
by proximal transiation of an inner tube (2860} relative to an outer tube (28783}, Inner
tube (2860} defines a proximal cam channel {2862} and a distal cam channel (2864).
Cuter tube {2870} defines a vertically extending retainer channel (2872}, Clamp arm
(2844) includes a proximal pin (2883} that 1s shidably disposed within proximal cam
channel (2862). Clamp arm (2844} also includes a distal pin (2882} that 1s shidably
disposed within both distal cam channel (2864} and retainer channel (2872). In the
present example, pins (2880, 2882} extend outwardly from both lateral sides of clamp
arm (2844). It should therefore be understood that the side of inner tube (2860} that is
opposite to the depicted side of inner tube (2860) may include channels that are identical
to channels {2862, 2864}, Likewise, the side of outer tube (2870} that is opposite to the
depicted side of outer tube (2870) may include a channel that is identical to channel

(2872).

{000167} Channels {2862, 2864} and the tissue contacting surface of clamp pad (2846} are
contoured to provide localized, dynamic contact between clamp pad (2846) and blade
2842y, In particular, when inner tube {2860) 13 in a distal position relative to outer tube
(2870), clamp arm {2844} is in an open position such that clamp pad (2846} i3 spaced
away from blade (2842) as shown in FIG. 33A. At this stage, tissuc may be positioned
between clamp pad (2846} and blade (2842). With tissue appropriately positioned, inner
tube (2860} is retracted proximally relative to outer tube (2870} to drive clamp arm
(2844) and clamp pad (2846} toward blade (2842). Through camuming interaction
between pins (2880, 2882} and corresponding channcls (2862, 2864, 2882), this
retraction of inner tube (2860} relative to outer tube (2870) causes clamp arm (2844} to
pivot toward blade (2842). As shown in FIG. 33B, this initially provides contact betwee
a localized proximal portion of clamp pad (2846} and blade (2842). As inner tube (2860)
continues to retract relative to outer tube (2870, camming interaction between pins
(2880, 2882} and corresponding channels (2862, 2864, 2882} continues to drive clamp
arm {2844) toward blade (2842). As shown in FIG. 33C, this transitions the localized
contact between clarnp pad (2546) and blade (2842} distally from a proximal portion of

clamp pad {2846} to a distal portion of clamp pad (2546). Thus, at any given moment
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during the closure stroke of clamp arm (2844), only a small localized portion of clamp
pad {2846} may contact blade (2842}, It should be understood that the transection/sealing
of tissue in end cffector (2840} may move distally along the length of blade (2842} in

accordance with the dynamic contact between clamp pad (2846} and blade (28423,
{0001 68} K. Exemplary Clamp Pad with Carved Tip

[000169] When the distal end of a clamp pad (46, 146) rcaches full apposition with the
distal end of a blade (42, 142), clamp pad (46, 146) and blade (42, 142) may have
cooperated to completely sever tissue that had previously been between the distal end of
clamp pad (46, 146} and the distal end of blade (42, 142}, In some instances, it may be
desirable fo avoid such severing at the distal end of clamp pad (46, 146} and the distal
end of blade (42, 142}, In particudar, it may be desirable to provide a small gap at the
distal end of clamp pad (46, 146) and the distal end of blade (42, 142}, to prevent
severing of tissue at the distal end of clamp pad (46, 146} and the distal end of blade (42,

142).

[600176] FIG. 34 shows an exemplary alternative end effector (2940} that comprises an
pltrasonic blade (29423, a clamp arm (2944), and a clamp pad (2946). It should be
understood that end effector (2940) may be readily incorporated into instruoment {13} in
place of end effector {40). Clamp arm {2944) and clamp pad (2946) are configured to
provide clamp pad (2946) with an upwardly curved distal tip (2988). This configuration
provides a gap distance {d) between distal tip (298&) and blade (2942), even when clamp
arm (2944} is in a fully closed position as is shown in FIG. 35, Thus, when tissue is fully
clamped between clamp pad (2946} and blade (2942}, the tissuc between distal tip (2988)
and blade (2942) will not be severed. Instead, the pressure gradicnt provided in the tissue
within the gap between distal tip (2988} and blade (2942} will promote scaling of the
tissue. The curved configuration of distal tip (2988} may thus reduce chances of tissue
bleeding that might otherwise occur in versions where distal tip (298¥) reaches full
apposition with blade (2942}, In some other variations, distal tip (2985) is obliguely

angled upwardly along a substantially straight path, rather than being curved.
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(800171} As described in greater detail below, some end effectors may be switchable
between a staged countact mode and a full contact mode. In the staged contact mode, the
distal regions of the clamp pad and blade engage first, followed by the proximal regions
of the clamp pad and blade. In the full contact mode, the full length of the clamp pad
engages the blade substantially simmltancously. It should be understood that end effector
(2940} may be readily adapted to provide such switchable modes. The configuration of

end effector (2940) shown in FIG. 34 may be associated with the full contact mode.

1800172} L Exemplary Feature for Clamp Arm Stage Tactile Feedback
[600173] Various exemplary end effectors described above provide staged engagement

where the distal regions of the clamp pad and blade engage fivst, followed by the
proximal regions of the clamp pad and blade. In some instances, it may be difficult for
the operator to visualize when an end effector is transitioning from a state where only the
distal regions of the clamp pad and blade are engaging to a state where the proximal
regions of the clamp pad and blade are also engaging. It may therefore be desirable to
provide some form of tactile feedback to inform the operator when the end effector is
fransitioning from the distal engagement state {e.g., as shown in FIGS. 9B, 154, 21B,
258, 268, 304, 31B) to the full length engagement state {¢.g., as shown in FIGS. 9C,
£5B, 21C, 25C, 26, 308, 31C}.

[600174] FIGS. 35-36 show an exemplary shaft assembly (3038} and clamp arm assembly
(3050} that may provide an operator with tactile feedback to inform the operator when the
end effector is transitioning from a distal engagement state to a full length engagement
state. It should be understood that shaft assembly (3030) and clamp arm assembly (3050}
may be readily incorporated into instrument {100} in place of shaft assembly {(130) and
clamp arm assembly (150). As shown in FIG. 35, shaft assembly (3030} of this exampic
compriscs an outer sheath (30323 and a cap (3034). An ultrasonic blade (3042} extonds
distally from shaft assembly (3038}, An cngagement fin {3000} cxtends transversely
from sheath (3032). Fin (3000) includes a recess {(3002) that is configured to reccive a
cotl spring (3004) and a detent member (3010). Detent member (3010) compriscs a shaft
(3012} and a ball (3014). Recess (3002) 15 configured such that detent member (3010)
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may be at least partially disposed in recess (3002}, with a portion of ball (3014)
protruding out from recess (3002).  Coil spring (3004) restliently biases ball (3014)
outwardly, though fin (3000} retains detent member (3010} in recess (3002). Fin (3000}

also includes a pivot opening (3008},

{600175) As shown 1o FIG. 36, clamp arm assembly (3050} of this example comprises a
shank (30523, a clamp arm (3044}, and a clamp pad (2046). Clamp arm (3044} is secured
to shank (3052} via a leat spring (3070). Clamp arm assembly (3050} is thus
substantially similar to the example shown in FIGS. 7-9C and described above. Shank
(3052) includes a pivot opening (3054) that is configured to align with pivot opening
(3008} of fin (3000). Clamp arm assembly (30583} may thus be pivotally coupled with
shaft assembly (3030) by a pin mscrted through aligned openings (3008, 3054). Shank

(3052} of the present example also includes a recess (3056).

[606176] When clamp arm assembly (3050} and shaft assembly (3030) are pivotally
coupled together, clamp arm assembly (3050} may move through a first range of pivotal
motion relative to shaft assembly (3030}, where ball (3014) does not engage any portion
of clamp arm assembly (30583, However, once clamp arm assembly (3050} completes
the first range of pivotal motion relative to shaft assembly (3030}, ball (3314) engages
shank (3052) at an edge near recess {3056). It should be understood that the operator
may feel this engagement in the form of increased resistance to further pivoting of clamp
arm assembly (3050). This increased resistance may be provided by friction between
resiliently biased ball (3014} and shank (3050). The operator may nevertheless continue
pivoting clamp arm assembly (3050} through a sccond range of pivotal motion relative to
shaft assernbly (3030), until ball (3014) recaches recess (3056). At this point, ball (3014)
may pop into recess (3056}, which the operator may feel as tactile fecdback., In some
versions, the operator may continug to pivot clamp arm asscmbly (30503 through a
sccond range of pivotal motion relative to shaft assembly (3030). In some other versions,
the cngagement of ball (3014) in recess (3056} indicates that the clamp arm assembly
(3050) either cannot be pivoted further relative to shaft assembly (3030) or should not be

pivoted further relative to shaft assembly (3030).
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[000177] As indicated above, ball (3104) may provide tactile feedback associated with a
completion of a first range of pivotal movement and completion of a second range of
pivotal movement, In some versions, the first range of pivotal movement is associated
with a first stage where only the distal portion of clamp pad (3046) engages blade (3042)
{or only the distal portion of clamp pad (3046} compresses tissue against blade {3042));
while the second range of pivotal movement is associated with a second stage where the
full length of clamp pad (3046) engages blade {3042) (or the full length of clamp pad
(3046} compresses tissue against blade (3042)). Thus, ball {3014) engages shank (3052)
to provide tactile feedback indicating a transition from a distal engagement state to a full
length cngagemeont state. It should be understood that recess (3056} may be omitted in

some such versions.

[H00178] In some other versions, clamp pad (3046} is not compressing tissue during the
first range of pivotal movement. Instead, the sccond range of pivotal movement is
associated with a stage where only the distal portion of clamp pad (3046} cngages blade
(3042) {(or only the distal portion of clamp pad (3046} compresses tissue against blade
(3042)}; while the third range of pivotal movement is associated with a second stage
where the full length of clamp pad (3046} engages blade (3042) (or the full length of
clamp pad {3046} compresses tissue against blade (3042)). Thus, ball (3014) cngages
shank (3052} to provide tactile foedback indicating the beginning of a distal engagement
state; and ball (3014) engages recess (30536) to provide tactile feedback indicating the

fransition to a full length engagement state.

1008179] FIGS. 37-38C show another exemplary ultrasonic surgical instrument (3080) that
is configured to provide tactile feedback indicating a transition from a first stage of clamp
arm closure to a sccond stage of clamp arm closure. Instrument (3080} of this example is
substantially similar to mstrument {100} described above, in that instrument (3080} of
this cxample compriscs a body (3082), a shaft assembly (3084}, an ultrasonic blade
(3086}, and a clamp arm assembly (3090). It should be understood that body (3082) may
recetve an ultrasonic transducer assembly (e.g., similar to transduccr assembly (112),

cte.), which may be operable to provide ultrasonic vibration of blade (3086). Similarly,
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body (3082) may include a finger grip ring (e.g., similar to finger grip ning (124), e},

buttons {e.g., similar to buttons {126), etc.}, and/or various other features.

[000180] Clamp arm assembly (3090} is pivotably coupled with shaft assembly (30843 via a
pin {3092). Clamp arm assembly (3090) includes a shank (3094} with a thumb grip ring
(3096), proximal to pin (3092}, Clamp arm assembly (3090} also inclades a clamp arm
(3100} having a clamp pad (3102), distal to pin (3092}, Shank (3094} and clamp arm
(3100) are unitarily secured together such that thumb grip ring (3096} and shank (3094)
may be driven toward body (3082) about pin (3092) to drive clamp pad (3102) toward
ultrasonic biade {3086} to thereby compress tissue between clamp pad (3102} and
pltrasonic blade (3086). As in various other examples describe herein, clamp arm (3100)
is configured such that only the distal end of clamp pad (3102} will compress tissue
against ultrasonic blade (3086} during a first stage of closure. In the cvent that clamp
arm assembly (3090} is driven through a second stage of closure, clamp arm (3100} will
deform such that the remaining longth of clamp pad (3102) will also compress tissuc

against ultrasonic blade (3086).

800181} Clamp arm assembly (3090} of the present example further comprises a feedback
member (3110) extending from the proximal end of shank (3094), adjacent to thumb grip
ring (3096). Feedback member (3110} of the present example is formed as a leaf spring
that i3 resiliently biased to position a free end (3112} such that free end (3112} is spaced
away from thumb grip ring (3096). In the present exampie, thumb grip ring (3096)
includes a protrusion (3098} extending toward free end (3112). Similarly, free end
(3112} includes a protrusion (3114} extending toward body (3082). Body (3082)
includes a recess (3088} that is configured to receive protrusion (3114}, As will be
described in greater detail below, protrusions (3098, 3114) and recess {3088) cooperate to
provide a detent feature. 1t should be understood that protrusions (3098, 3114) and recess
(3088) are merely optional, such that protrusions (3098, 3114} and recess {3088} may be

substituted, supplemented, or completely omitted, as desired.

1000182} FIGS. 38A-38C show various operational states of instrument (3080). In

particular, FIG, 38A shows instrument (3080} in an open state, where clamp arm (3100)
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and clamp pad (3102) are spaced away from oltrasonic blade (3086). In this state, the
operator may position instrument (3080) such that tissue is located between clamp pad
(3102} and ulirasonic blade (3086). Once instrument (3080} is suitably positioned, the
operator may drive thumb ring grip (3096} toward body (3082), thereby driving clamp
pad (3102} toward ultrasonic blade (3086}, At some point during this actuation, clamp
pad (3102) will begin compressing the tissue against ultrasonic blade (3086}, Clamp pad
(3102) will eventnally reach a position similar to that shown in FIG. 38B, which
represents instroment (3080} in a state where clamp pad (3102} is at a first stage of
closure. As can be seen, only the distal end of clamp pad (3102} would be compressing
tissuc against ultrasonic blade {(3086) at this first stage of closure. It should be
understood that the operator may encounter relatively low resistance to rotation of clamp
arm assembly (3090} from the position shown in FIG. 38A to the position shown in FIG.
388, Other than friction at pin (3092), the only resistance would be provided by tissue

that 1s interposed between clamp pad {(3102) and ultrasonic blade (3086},

[B003183] As can be scen in FIG. 388, free end (3112) of feedback member (3110) comes
into contact with body {(30&2) once clamp arm assembly (3090} reaches the first stage of
closure. In particular, protrusion (3114} is received in recess {3088}, The operator may
continue to drive thumb ring grip (3096} toward body (30&2) to eventually reach a sccond
stage of closure as shown in FIG. 38C. During the transition from the first stage of
closure as shown in FIG. 388 to the second stage of closure as shown in FIG. 38C, clamp
arm (3100} deforms such that the proximal portion of clamp pad (3102} cventually
compresses tissue against ultrasonic blade (3086). It should be understood that any of the
various featurcs described herein may be used to provide the staged closure action of
clamp pad (3102). Also during the transition from the first stage of closure as shown in
FI1G. 388 to the sccond stage of closure as shown in FIG. 38C, feedback member (3110)
deforms, thercby providing additional resistance to further pivotal movement of clamp
arm assembly (3090). 1t should therefore be understood that the operator may perceive a
transition from the first stage of closure toward the second stage of closure through tactile
feedback in the form of incrcased resistance provided by deformation of feedback

mernber (3110). This increased resistance may be substantial and/or otherwise abrupt,
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providing a clear signal to the operator. Protrusion (3098) of thumb ring grip (3096)
eventually engages feedback wember (3110}, providing a hard stop to indicate

completion of the second stage of ¢losure.

[000134] In some instances, the operator may wish to only complete the first stage of
closure. Thus, as soon as the operator encounters the abrupt mcrease in resistance
provided by feedback member (3110}, the operator may release clamp arm assembly
(3090). By way of example only, this may be the case when the operator only wishes to
make a relatively small cut in tissue. Otherwise, the operator may continge to the second

stage of closure and then release clamp arm assembly (3090).

[000185] It should be understood that fecdback member (3110) may be varied, substituted,
or supplemented in mumerous ways. By way of example only, a buckling sapport may be
added to shaft assembly (3084}, thumb ring grip (3096}, shank {3094), and/or some other
feature of instrument {3080}, Such a buckling support may buckle to indicate a transition
from the first stage of closure toward the second stage of closure. As another merely
tHhustrative example, shaft assembly (3084} may be configured such that recess {30&8) is
shightly undersized relative to protrusion (3114}, such that recess (3088) and protrusion
(3114) provide a detent assembly that provides a click or some other form of tactile
and/or audible feedback to indicate a transition from the first stage of closure toward the
sccond stage of closure. As yet another merely illustrative example, recess (3088) may
be replaced with a buckling feature that buckles in response to application of force by
protrusion {3114} upon reaching the transition from the first stage of closure toward the
sccond stage of closure. Of course, feedback member {3110} may also be replaced with a
compression/coil spring and/or some other form of resilicnt member., Similarly, feedbac
member (3110} may be replaced with a torsion spring that s positioned about pin (3092)
and that is engaged upon reaching the transition from the first stage of closure toward the
sccond stage of closure. Other suitable ways in which an instrument may provide tactile
feedback to indicate a transition from a distal cngagement state to a full length
engagement statc will be apparent to those of ordinary skill in the art in view of the

tcachings herein,

495



WO 2015/081040 PCT/US2014/067221

{600186} M. Exemplary Clarop Arm Stage Selection Features
[000187] Various exeroplary end effectors described above provide staged engagement

where the distal regions of the clamp pad and blade engage first, followed by the
proximal regions of the clamp pad and blade. In some instances, it may be desirable to
provide the operator with the ability to select between a distal engagement mode and a
full length engagement mode. By way of example only, a distal engagement mode may
provide only engagement between the distal regions of the clamp pad and blade,
preventing engagement between the proximal regions of the clamp pad and blade. A full
fength engagement mode may provide only engagement between the full length of clamp
pad and blade. In addition or in the alternative, the instrument may provide selection of a
staged engagement mode, whereby the distal regions of the clamp pad and blade engage
first, followed by the proximal regions of the clamp pad and blade. Various examples of
how an instrument may provide mode selection will be described in greater detail below,
while other examples will be apparent to those of ordinary skill in the art in view of the

tcachings herein.

{B00138] FIG. 39 shows an exemplary alternative handle assembly (3128} that may be used
as a substitute for handle assembly (20). Handle assembly (3120) of this example
comprises a body (3122) including a pistol grip {3124} and a pair of buttons (3126).
Handle assembly {(3120) also includes a trigger (312&) that is pivotable toward and away
from pistol grip (3124} to sclectively drive a clamp arm toward and away from an
ultrasonic blade as described hercin. Handle assembly (3120} also includes a switch
(3100) that is pivotally coupled with body (3122}, Switch (3100} is pivotable to sclect a
mode of operation for a clamp arm positioned at the distal end of shaft assembly (3130},
By way of example only, switch (3100} may cnable sclection from a distal engagement
mode, full cngagement mode, and/or staged engagement mode. Switch (3100) may be
coupled with a mechanical assembly that is operable to implement such stage sclection
by sclectively restricting the distance to which trigger (3128) may pivot toward pistol
grip {(3124). Alternatively, switch (3100} may be coupled with a mechanical assembly
that is operable to implement such stage sclection by sclectively restricting the distance to

which an joner tube (not shown) may retract relative to outer sheath (3130). Various
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suitable ways i which switch (3100) may provide a mode selection for clamp arm
actuation will be apparent to those of ordinary skill in the art in view of the teachings

herein.

[000189] FIG. 40 shows another exemplary aliernative handle assembly (3220) that may be
used as a substitute for handle assembly (20). Handle assembly (3220 of this example
comprises a body {3222} including a pistol grip {3224} and a pair of buttons (3226},
Handle assembly {3220} also inclhudes a trigger {322&) that is pivotable toward and away
from pistol grip (3224} to selectively drive a clamp arm toward and away from an
ultrasonic blade as described hercin. Handle assembly (3220} also includes a switch
{3200} that 15 slidably coupled with body (3222). Switch (3200} is pivotable to select a
mode of operation for a clamp arm positioned at the distal end of shaft assembly (3230).
By way of example only, switch (3200} may cnable selection from a distal engagement
mode, full engagement mode, and/or staged engagement mode. Switch (3200) may be
coupled with a mechanical assembly that is operable to implement such stage selection
by selectively restricting the distance to which trigger (3228} may pivot toward pistol
grip (3224). Alternatively, switch (3200} may be coupled with a mechanical assembly
that is operable to implement such stage sclection by selectively restricting the distance to
which an inner tube {not shown) may retract relative to outer sheath (3230). Various
suitable ways in which switch (3200} may provide a mode sclection for clamp arm
actuation will be apparent to those of ordinary skill in the art in view of the teachings

herein.

180G 196] FIGS. 41A-418 show one merely illustrative example of how mode selection for
clamp arm actuation may be provided. In particular, FIGS. 41 A-41B show an exemplary
end effector (3340) that is substantially similar to end effector {2340} described above.

End effector (3340} of this example comprises an ultrasonic blade (3342}, a clamp arm

(3344), and a clamp pad (3346). Clamp pad (3346} is pivotally coupled with clamp arm
{3344} by a pin (3310). A push wire (3300} is sildably disposed in a shaft assembly

(3330} and extends into clamp arm (3344). Push wire {3300} is movable between a distal
position as shown in FIG. 41A and a proximal position as shown in FIG. 418, The distal

end of push wire (3300} includes a transversely extending localized pressure feature
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(3302) that is configured to bear against clarop pad (3346). Thas, when push wire (3300}
is in the distal position, localized pressure feature (3302} bears against the distal portion
of clamp pad (3346}, causing clamp pad {3346} to be pivotally oriented about pin (3310}
as shown in FIG. 41A. When push wire (3300) is in the proximal position, localized
pressure feature (3302) bears against the proximal portion of clamp pad (3346}, causing

clamp pad (3346) to be pivotally oriented about pin (3310} as shown in FIG. 41B.

{60619 With clamp pad (3346} in the orientation shown in FIG. 41A, end effector (3340)
is in a distal engagement mode. When clamp pad (3346} in the orientation shown in FIG.
418, end cffector (3340} 1s in a full engagement mode. It should therefore be understood
that the mode of end effector (3340) may be based on the longitudinal position of push
wire {3300} relative to end effector (3340). It should also be understood that push wire
{3300} may be readily coupled with a user input featore such as switches (3100, 3200)

and/or any other suitable components.

1800392} FIGS. 42-43 show another merely illustrative example of how mode selection for
clamp arm actuation may be provided. In particular, FIG. 42 shows an exemplary
instrument (3400} that is substantially similar to instrument (100} in that instrument
(3400} has a handle assembly (3420}, a shaft assembly (3430), an oend cffector (34403,
and a clamp arm assembly (3450). End effoctor (3448} comprises an uitrasonic blade
(3442) and a clamp arm (3444) with a clamp pad (3446). End cffector (3440} is
contfigured to provide staged engagement between clamp pad (3446} and blade (3442},
such that the distal regions of clamp pad {3446) and blade {3442) engage first; then the
proximal regions of clamp pad (3446} and blade (3442}, End cffector (3448) may be
configured in accordance with any of the various teachings hercin in order to provide

such staged engagement,

1603193} Clamp arm assembly (3450} is pivotable relative to shaft assembly (3450} through
a first range of motion to provide distal engagement between clamp pad {3446) and blade
(3442). After completing this first range of motion, clamp arm assembly (3450) is
pivotable relative to shaft assembly (3430} through a second range of motion to provide

full engagement between clamp pad (3446) and blade (3442). Tnstrument (3400} of the
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present exaruple further comprises a stop ring (3410) that s operable to arrest pivotal
movement of clamp arm assembly (3450) after clamp arm assembly (3450} completes the
first range of motion. Stop ring {3410} is rotatably positioned about the body (3422) of
handie assembly (3420} to selectively position a stop feature (3412) n relation to shank
(3452) of clamp arm assembly (34503, FIG. 43 shows stop ring (3410} in greater detail.
FIG. 42 shows stop ring (3418 oriented such that stop feature (3412) will engage shank
(3452) after clamp arm assembly (3450} completes the first range of motion. Stop
feature (3412) will thus prevent clamp arm assembly (3450} from pivoting through the
second range of motion. It should therefore be understood that stop ring (3410) effects a
sclection fo distal engagement mode when stop ring {(3410) is at this angular orientation
about body {3422} of handle assembly. In order to provide full engagement mode, the
operator may simply rotate stop ring (3410} about body {3422) such that stop feature
(3412) will no longer arrested pivotal movement of clamp arm assembly (3450}, Clamp
arm assembly (3450} may thus pivot through both the first and second ranges of motion

when stop ring {3410} is rotated to provide a full engagement mode.

10030194} FIGS. 44A-448 show yeot another merely illustrative example of how mode
sclection for clamp arm actuation may be provided. In particular, FIGS. 44A-448 show
an cxemplary alternative handle assembly {3520) that may be used as a substitute for
handle assembly (20}, Handle assembly (3520) of this cxample comprises a body (3522
including a pistol grip (3524} and a pair of buttons (3526). Handlc assembly (3520) also
includes a trigger (3528) that is pivotable toward and away from pistol grip (3524) to
sclectively drive a clamp arm (3544} toward and away from an ultrasonic blade as
described herein. Handle assembly (3520} also includes a fluid rescrvoir (3500) and a
fluid conduit (3502} cxiending from the fluid reservoir (35003, Conduit (3502) cxtends
further through shaft assembly (3530) to a bladder (3504}, which is positioned in clamp
arm (3544). In particular, bladder (3504} is positioned between a proximal portion of
clamp arm (3544} and a proximal portion of a clamap pad (3546). The distal portion of
clamp pad (3546} 1s directly secured to the distal portion of clamp arm (3544). Clamp

pad (3546) 1s flexible such that clamp pad (35346) may transition from a distal
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engagement mode configuration (FIG. 44A) to a full engagement mode configuration

(FIG. 44B).

[600195] Reservorr {3500}, conduit {3502}, and bladder (3504) formo a closed fluid cireunit.
By way of example only, reservoir (3500} may comprise a bellows agsembly, a silicone
bulb, a proximal length of conduit (3502), and/or any other suitable kind of structure as
will be apparent to those of ordinary skill in the art in view of the teachings herein.
Handle assembly (3520} 1s configured such that trigger (3528) compresses reservoir
(3500} when trigger (3528} is pivoted toward pistol grip {3524). This compression of
reservoir {3500} drives a fhnd {c.g., saline) from reservoir {3500) to bladder (3504),
causing bladder (3504) to expand. This expansion of bladder (3504} drives the proximal
portion of clamp pad (3546) away from the proximal portion of clamp arm {3544), as
shown in FIG. 44B. In some versions, clamp pad (3546) is resiliently biased to assume
the configuration shown in FIG. 44A, such that after the operator relaxes their grip on
trigger (3528), the resilience of clamp pad (3546) drives the fluid from bladder (3504)
back to reservoir (3500, allowing clamp pad (3546} to return to the configuration shown

in FIG. 44A.

{606196] In the present example, trigger (3528} is pivotable toward pistol grip (3524)
through a first range of motion where clamp pad {3546} is configured as shown in FIG.
444, Trigger (3528} does not engage reservoir (3500} during this first range of motion.
In other words, handlc assombly (3520} and clamp pad (3546) provide a distal
engagement mode while trigger (3528} pivots through the first range of motion. As
trigger (3538} continues to pivot toward pistol grip (3524} through a second range of
motion, trigger {3528) engages reservoir {3500} to drive the fluid into bladder (3504) as
shown in FIG. 448. Handle assembly (3520) and clamp pad (3546) thus provide a full
engagement mode while trigger {3528} pivots through the second range of motion. It
should be understood that the operator may encounter increased resistance from reservoir
(3500} against further pivotal motion of trigger (3528) as soon as trigger (3528)
complctes the first range of motion. This increase in resistance may thus provide tactile
fecdback to the operator, indicating a transition from the distal cngagement mode to the

full engagement mode.
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[000197] In some other versions, reservoir {3500) is actuated through a separate input
feature. In some such versions, handle assembly {3528} and clamp pad (3546) selectively
provide cither a distal engagement mode or a full engagement mode throughout the full
range of pivotal motion of trigger (3528} toward pistol grip (3524}, based on a mode

selection made through the separate input feature.

[B00198] In still other variations, the distance between a portion of a flexible clamyp pad and
a corresponding portion of a clamp arm is adjostable by use of a variation of push wire
(3300} that includes a shim or mandrel featore. Such a shim or mandrel feature may
operate similar to bladder (3504} described above. In particular, the shim or mandrel
feature may serve as a cam that selectively drives a portion of the clamp pad away from
the clamp arm. For instance, the shim or mandrel featare may be distally positioned
between a proximal portion of the clamp pad and a proximal portion of the clamp arm to
provide a full cngagement mode. The shim or mandrel feature may then be proximally
positioned, such that the shim or mandrel feature is no longer positioned between the
proximal portion of the clamp pad and the proximal portion of the clamp arm, to provide
a full engagement mode. Other suitable ways in which portions of a clamp pad may be
sclectively positioned in relation to a clamp arm to provide engagement mode sclection

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

(600199 In any of the staged engagement examples described above, it should be
understood that generator (16, 116) may adjust the power profile for activation of the
ultrasonic blade based on whether the end effector is in distal engagement mode or full
engagement mode. For instance, the instrument may include onc or more sensors that are
configured to detect the engagement mode.  Generator (16, 116) may be in
communication with such one or more sensors.  Alternatively, in versions where the
instrument provides manual sclection between a distal engagement mode or a full
engagement mode, generator (16, 116} may detect the mode based on the state of the

feature that is used to provide the manual sclection of mode.

1000200} 1. Miscellancous
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[000201] In addition to or as an alternative to using staged clamping to reduce heat in a
version of instrument (10, 100), a fluid may be used to cool blade (42, 142). For
instance, a cooling liquid (e.g., saline, etc.} may be applied to the proximal end of blade
(42, 142}, The cooling fluid may then be communicated distally along the rest of the
fength of blade (42, 142) to thereby cool blade. The ultrasonic vibration of blade (42,
142} may provide such distal communication of the fluid. In some such versions, a
particular vibrational scheme may be used to drive liquid distally along blade (42, 142).
Such a particular, vibrational scheme may have no meaningfil effect on tissue that is in
contact with blade (42, 142} while blade is being driven in such a fashion. For instance,
blade (42, 142} may be vibrated in short pulses (e.g., of approximately 10 to 20
millisecond duration} of low amplitude motion to drive the higuid distally along blade
(42, 142}. In some such instances, generator (16, 116} is programmed to provide such
liquid driving ultrasonic activation of blade (42, 142) when the operator is not pressing
any buttons (26, 126). In addition or in the alternative, generator {16, 116} may be
programmed to provide liquid driving ultrasonic activation of blade (42, 142} when
generator (16, 116) detects that blade (42, 142) is not contacting tissuc. As yot another
merely illustrative example, instrument (10, 100) may include a scparate user input
feature that is operable to manually trigger a liquid driving vibrational scheme. Other
suitable ways in which a liquid driving vibrational scheme may be triggered will be

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

600202} In some other versions, the same vibrational movement that is used to drive blade
during tissue cutting/scaling may drive liquid distally along blade (42, 142}, As yet
another merely tHustrative example, fluid may be communicated to and/or along blade in
accordance with at lcast some of the teachings of U.S. Pub. No. 2011/0152759, entitled
“Use of Biomarkers and Therapeutic Agents with Surgical Devices,” published Junc 23,
2011, the disclosure of which is incorporated by reference herein. It should be
undersiood that the teachings in U.S. Pub. No. 2011/0152759 relating to dispensation of
medical fluids may be readily adapted to provide communication of cooling fluid.
Additional exaroples of ways in which fluid roay be used to cool blade (42, 142 are

described  in US.,  Patent  App. No. [ATTORNEY DOCKET NO.
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END7325USNP.0616768], cutitled “Features to Apply Flhud to an Ultrasonic Blade of a
Surgical Instrument,” filed on even date herewith, the disclosure of which is incorporated
by reference herein; US. Patent App. No. [ATTORNEY DOCKET NO.
END7479USNP.0616774], entitled “Features to Drive Fluid toward an Ultrasonic Blade
of a Surgical Instrument,” filed on even date herewith, the disclosure of which is
incorporated by reference herein; U.S. Patent App. No. [ATTORNEY DOCKET NO.
ENBY7S77TUSNP.0621500], entitled “Features for Communication of Fluid through Shaft
Assembly of Ultrasonie Surgical Instrument,” filed on even date herewith, the disclosure
of which is incorporated by reference herein; and US. Patent App. No. [ATTORNEY
DOCKET NO. END7578USNP.0621502], entitled “Ultrasonic Surgical Instrument with
Blade Cooling through Retraction,” filed on cven date herewith, the disclosure of which
is incorporated by reference herein. It should be understood that the teachings herein
may be readily combined with the teachings of those references and the various other
references cited herein. Other examples will be apparent to those of ordinary skill in the

art in view of the teachings herein.

1830203} Inn addition to or as an alternative to using fluid to reduce heat in a version of
instrument {14, 100}, onc or more shiclding features may be used to avoid direct contact
between a hot portion of instrument (10, 100) and tissue (or other structures). A gap may
be defined between the shiclding feature and the corresponding hot portion of instrument
(10, 100), to avoid or minimize communication of heat from the hot portion of instrument
(10, 100) and the shiclding feature. Such a gap may be filled with liquid, air or some
other gas, a solid insulating material, and/or any other suitable kind of filler, including
combinations thereof. ¥t should also be understood that various kinds of structural
features may be interposed between the hot portion of instrument (10, 100) and the
shiclding feature, including but not himited to a roughened surface, grooves, dimples,
pimples, nubs, kmurling, a honeycomb structure, etc.  Such stroctural features may
minimize transter of heat from the hot portion of nstrument (10, 100} and the shielding
teature. Similarly, a shielding feature (and/or a hot featore of mstrument (18, 100)) may
imclude external surface structures such as a roughened surface, grooves, dimples,

pimiples, nubs, kourling, a honeycomb strocture, ete., to minimize transfer of heat from
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the shielding feature (or hot feature) to adjacent tissue, ete. Various merely illustrative
examples of shiclding features are described in U8, Provisional Patent App. No.
61/908,920, the disclosure of which is incorporated by reference hergin; and also in .S,
Patent App. No. [ATTORNEY DOCKET NO. END732SUSNPL.O616770], entitled
“Shielding Features for Ultrasonic Blade of a Surgical Instrumment,” filed on even date
herewith, the disclosure of which is incorporated by reference herein; and also in ULS.
Patent App. No. [ATTORNEY DOCKET NO. END7325USNP3.0621498], entitled
“Sleeve Features for Ultrasonic Blade of a Surgical Instrument,” filed on even date
herewith, the disclosure of which is incorporated by reference herein. It shouid be
understood that the teachings herein may be readily combined with the teachings of those
references and the vartous other references cited herein. Other suitable examples will be

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

1500204 It should be understood that any of the versions of instruments described hercin
may include various other features in addition to or in Heu of those described above. By
way of example only, anv of the instruments described hercin may also include one or
morc of the various features disclosed in any of the various references that are
incorporated by reference hercin. ¥t should alse be understood that the tcachings hercin
may be readily applied to any of the instruments described in any of the other references
cited herein, such that the teachings hercin 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 ordinary skill

in the art,

[606205] 1t 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
hercin only to the extent that the incorporated material does not conflict with existing
definitions, statements, or other disclosure material set forth in this disclosure. As such,
and to the extent necessary, the disclosure as cxplicitly set forth hercin 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, staterents, or other disclosure material set forth bherein will only be
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incorporated to the extent that no conflict arises between that mcorporated material and

the existing disclosure material.

[000206] 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 freatments and procedures. By way of example
only, various teachings herein may be readily incorporated into a robotic surgical system
such as the DAVINCI™ systemn by Intuitive Surgical, Inc., of Sunnyvale, California.
Similarly, 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 Catting Instrument,” published

August 31, 2004, the disclosure of which is incorporated by reference herein,

{600207] Versions described above may be designed o be disposed of after a single use, or
they can be designed to be used multiple times. Versions may, in either 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 picces or
parts of the device may be selectively replaced or removed in any combination. Upon
clecaning and/or replacement of particular parts, some versions of the device may be
reassembled for subsequent use either at a reconditioning facility, or by a user
immediately prior to a procedure.  Those skilled in the art will appreciate that
reconditioning of a device may utilize a variety of technigues for disassembly,
cleaning/replacement, and reassemably.  Use of such techniques, and the resulting

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

1600208 By way of cxample only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization technique, the device is placed in a closed
and scaled container, such as a plastic or TYVEK bag. The container and device may
then be placed in a ficld of radiation that can penctrate the container, such as gamma

radiation, x-rays, or high-cnergy eloctrons. The radiation may kill bacteria on the device
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and in the contaiver. The sterilized device may then be stored in the sterile container for
later nse. A device may also be sterilized using any other technique known in the art,

including but not timited to beta or gamma radiation, ethylene oxide, or steam,

600209} Having shown and described varicns embodiments of the present invention,
further adaptations of the methods and systems deseribed hercin may be accomplished by
appropriate modifications by one of ordinary skill in the art without departing from the
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 mstance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the like
discussed above are illustrative and are not required. Accordingly, the scope of the
present invention should be considered in terms of the following claims and is understood
not to be limited to the details of structure and operation shown and described in the

specification and drawings.
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Ywe claum:

I An apparatus comprising:
{a) a body;
{b) a shaft assembly extending distally from the body; and
{9 an end effector located at a distal end of the shaft assembly, wherein the
end effector comprises:
(1) an ultrasonic blade, wherein the ultrasonic blade 1s configured to
vibrate at an ultrasonic frequency, and
{11} a clamp arm comprising a clamp pad, wherein the clamp arm s
movable toward the vltrasonic blade to compress tissue between
the clamp pad and the ultrasonic blade in two stages,
wherein the clamp arm is configured to compress tissue with only a distal
portion of the clamp pad during the first stage,
wherein the clamp arm is configured to compress tissue with the distal
portion and a proximal portion of the clamp pad during the second
stage, such that the tissue compression begins at the distal portion

and subsequently progresses toward the proximal portion.

2. The apparatus of claim 1, wherein the clamp arm comprises a proximal shank
member and a distal pad carrving meraber, wherein the proximal shank member is operable to
drive the distal pad carrying member toward the ultrasonic blade, wherein the clamp pad is

secured to the distal pad carrying member,

3. The apparatus of claim 2, wherein the clamp arm further cormprises a resilient

feature joining the proximal shank meraber and the distal pad carrying member.

4. The apparatus of claito 3, wherein the resilient feature comprises a leaf spring.
5. The apparatus of claimn 3, wherein the resilient feature s configured to resiliently

bias the distal portion of the clamp pad toward the ultrasonic blade.
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6. The apparatus of claim 5, wherein the resilient feature is configured to deform
during a transition from the first stage to the second stage.
7. The apparatus of claim 3, wherein the resilient feature is configured to enable the

distal pad carrving member to pivot relative to the proximal shank member.

8. The apparatus of claim 3, wherein the resilient feature comprises a plurality of
segments.

9. The apparatus of claim 8, whercin the segments form a zigzag pattern.

1. The apparatus of claim 2, whercin the distal pad carrying member has a dogleg

Feature, wherein the dogleg feature is configured to bias the distal portion of the clamp pad

toward the ultrasonic blade.

I The apparatus of claim |, whercin the clamp arm further comprises a resilient
member, wherein the resilient member is configured to resiliently bias the distal portion of the

clamp pad toward the ultrasonic blade.

12, The apparatus of claim L1, wheremn the resilient member has at least one bend,

wherein the clamp pad is secared to the resilient member.

I3, The apparatus of claim 12, wherein the clamyp pad follows the at least one bend of
the resilicnt member, wherein the clarmop pad s flexible such that the clamp pad 1s configured to
deform with the at least one bend of the restlient merober during a transition from the first stage

to the second stage.

t4. The apparatos of claim 1, wherein the clamp arm further comprises an arm
member, wherein the clamp pad is pivotably coupled with the arm member at a pivot, whergin

the resilient member is interposed between a distal end of the clamp pad and a distal end of the
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arm member such that the resilient member 15 configured to resiliently bias the clamp pad about

the pivot.

Is. The apparatos of claim |, wherein the clamp arm further comprises a proximal
segment and a distal segment, wherein the distal segment of the clamp arm is pivotably secured
to the proximal segment of the clamp arm at a pivot, wherein the clamp pad further comprises a
proximal segment and a distal segment, wherein the proximal segment of the clamp pad is
secured to the proximal segment of the clamp arm, wherein the distal segment of the clamp pad

is sccured to the distal segment of the clamp arm.

6. The apparatus of claim |5, further comprising a resilient member, wherein the
resilient member is configured to bias the distal scgment of the clamp arm and the distal segment

of the clamp pad about the pivot and toward the ultrasonic blade.

17. The apparatus of claim |, whercin the clamp pad has a wedge shape, wherein the
wedge shape of the clamp pad is configured to provide initial contact between only the distal
portion of the clamp pad and tissuc during the first stage, wherein the wedge shape of the clamp
pad ts further configured to provide deflection of the ultrasonic blade do enable contact between

the proximal portion of the clamp pad and tissuc during the sccond stage.

I8, The apparatus of ¢laim |, wherein the body comprises a handle assembly, wherein
the body further comprises a user feedback feature configured to provide one or both of audible
or tactile feedback through the handle assembly to indicate a transition from the first stage to the

sgeond stage.

19, An apparatus comprising:
{a) a body;
(b} a shaft assembly extending distally from the body, wherein the shaft
assembly defines a first lateral slot and a second lateral slot; and
(¢} an end effector lpcated at a distal end of the shaft assembly, wherein the

end effector comprises:
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(i) an ulirasonic blade, wherein the ultrasonic blade 15 configured to
vibrate at an ultrasonic frequency, and
(i) a clamp arm, comprising:

(A}  aclamp pad,

{B)  afirst lateral pin, wherein the first lateral pin is configured
to slide along a length of the first lateral slot of the shaft
assembly, and

(Cy  asecond lateral pin, wherein the second lateral pin s
configured to slide along a fength of the second lateral slot

of the shaft assembly,

wherein first and sccond lateral slots are configured to provide a staged

compression of tissue between the clamp pad and the ultrasonie blade,
such that the first and sccond lateral slots are configured to provide
compression of tissue between a first portion of the clamp pad and the
altrasonic blade during a first stage of compression, followed by
compression of tissue between a second portion of the clamp pad and the

ultrasonic blade during a sccond stage of compression.

20, An apparatus comprising:
{a} a body;
{b) a shaft assembly extending distally from the body;
{c) an end effector located at a distal end of the shaft assembly, wherein the
end effector coroprises:
(i) an ulirasonic blade, wherein the ultrasonic blade 15 configured to
vibrate at an ultrasonic frequency, and
(i1} a clamp arm comprising a clarop pad, wherein the clamp arm is
movable toward the ulirasonic blade to compress tissue between
the clamp pad and the vltrasonic blade; and
{d) a mode sclection feature, wherein the mode selection feature is operable to

cunable an operator to select between a first mode of operation and a

second mode of operation, wherein the first mode of operation provides

-4
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compression of tissue by only a distal portion of the clamp pad against the
ultrasonic blade, wherein the second mode of operation provides
compression of tissue by the distal portion and a proximal portion of the

clamp pad against the ultrasonic blade.
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