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SLEEVE FEATURES FOR ULTRASONIC BLADE OF A SURGICAL INSTRUMENT

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.

-1-
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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 April 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. 7A depicts a detailed perspective view of an end effector of an exemplary
alternative instrument that includes a removable blade sleeve;

[60018] FIG. 7B depicts a detailed perspective view of the end effector of FIG. 7A, with
the blade sleeve removed;

{60019 FIG. 8 depicts a detailed perspective view of the removable blade sleeve of FIG.
TA;

{60020} FIG. 9 depicts a detailed perspective view of an end effector of another exemplary
alternative instrument that includes a removable cap and blade sleeve, with the cap and
blade sleeve removed;

{00021 FIG. 10 depicts a detailed perspective view of an end effector of another
excmplary alternative instrument that includes a removable blade sleeve, with the blade
slecve removed;

{00023} FIG. 11 depicts a detailed perspective view of an end effector of another
exemplary alternative instrument that includes a removable blade sleeve, with the blade
sleeve removed;

{60033} FIG. 12 depicts a cross-sectional end view of the end effector of FIG. 11, with the

blade sleeve attached 1o the instrument;



WO 2015/081042 PCT/US2014/067225

(00024} FIG. 13 depicts a side elevational view of an end effector of another exemplary
alternative imstrument that inclodes a removable blade sleeve, with the blade sleeve
removed;

{60625} FIG. 14 depicts a detailed perspective view of an end effector of another
excrplary alternative instrument that includes a blade sleeve partially covering a
ultrasonic blade;

{00026} FIG. 15 depicts a detailed perspective view of an end effector of another
excemplary alternative instrument that includes a blade sleeve pastially covering a
ultrasonic blade;

{60027} FIG. 16 depicts a detailed perspective view of an end eoffector of another
excmplary alternative instrument that includes a blade slecve having a dissection tip;

{60028} FIG. 17 depicts a detailed perspective view of an end effector of another
excmplary alternative instrument that includes a blade siceve having a light emitting
feature;

{00029] FIG. 18 depicts a detailed perspective view of an end effector of another
excmplary alternative instrument that includes a multi-layered blade sleeve;

{60030} FIG. 19 depicts a cross-sectional perspective view of the end effector of FIG. 18,
the cross~-section taken along line 19-19 of FIG. 18;

{00031} FIG. 20 depiets a side elevational view of an end effector of another exemplary
alternative instroment that includes a multi-layered blade sleeve;

{00033} FIG. 21 depicts a perspective view of an exemplary alternative blade sleeve that

may be used with the imstrument of FIG. 18;
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(060033} FIG. 22 depicts a side elevational view of an exemplary alternative blade sleeve
that may be used with the instrument of FIG. 1X;

{60634} FIG. 23 depicts a detailed perspective view of an end effector of another
excraplary alternative instrument that includes an integral blade sleeve;

{80¢35] FIG. 24 depicts a side cross-sectional view of the end effector of FIG. 23, the
cross-section taken along ling 24-24 of FIG. 23,

{60036} FIG. 25 depicts a detailed perspective view of an end effector of another
exemplary alternative instrument that includes a blade slecve having a stiffening membes;

{60037 FIG. 26 depicts a cross-sectional end view of the end effector of FIG. 25, the
cross-section taken along ling 26-26 of FIG. 25

{60038 FIG. 27 depicts a side clevational view of the end effector of FIG. 25 with the
blade sleeve removed;

{60039} FIG. 28A depicts a detailed perspective view of an end effector of another
excmplary alternative instrument that includes a blade sleeve having a deflection feature,
with the biade slecve deflected upwardly;

{00040} FIG. 28B depicts a detailed perspective view of the end effector of FIG. 28A,

with the blade sleeve deflected downwardly;

{00041} FIG. 29 depicts a detatled perspective view of the blade sleeve of FIG. 28A;
{00043} FIG. 30 depicts a detaded perspective view of an exemplary alternative ultrasonic

blade having an attachment protrusion;
[60043] FIG. 31 depicts a cross-sectional end view of the ultrasonic blade of FIG. 30, the

cross-section taken along line 31-31 of FIG. 30,
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[60044] FIG. 32 depicts another cross-sectional end view of the ulirasonic blade of FIG.
30, with an overmold overmolded onto the ultrasonic blade;

{60045] FIG. 33 depicts a detailed perspective view of an exemplary alternative ultrasonic
blade having an attachment recess;

{60046} FIG. 34 depicts a cross-sectional end view of the ultrasonic blade of FIG. 33, the
cross-section taken along ling 34-34 of FIG. 33,

160047 FIG. 35 depicts another cross-sectional end view of the ultrasonic blade of FIG.
33, with an overmold overmolded onto the nitrasonic biade;

{60048 FIG. 36 depicts a detailed perspective view of an exemplary alternative ultrasonic
blade having a plurality of discrete attachment protrusions;

[60049] FIG. 37 depicts a cross-sectional end view of the ultrasonic blade of FIG. 36, the
cross-section taken along ling 37-37 of FIG. 36

{60050} FIG. 38 depicts another cross-sectional end view of the ultrasonic blade of FIG.
36, with an overmold overmolded to the ultrasonic blade;

{80051} FIG. 39 depicts a cross-scctional end view of an exemplary alternative ultrasonic
blade having a I-shaped cross-section for recciving an overmaold;

100052} FIG. 40 depicts a cross-sectional end view of an exemplary alternative ultrasonic
blade having two gripping portions for receiving an overmold;

{00053} FIG. 41 depicts a detailed perspective view of an end effector of another
exemplary alternative instrument having a clamp arm equipped with a heat dissipation

featgre;

~k
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100054} FIG. 42 depicts a perspective view of an end effector of another exemplary
alternative instrument having a clamp pad equipped with a plorality of heat dissipation
slots:

{B0655] FIG. 43 depicts a detailed perspective view of an exemplary alternative clamp
arm having a sheath equupped with a plurality of longitudinally extending heat dissipation
features:

[60056] FIG. 44 depicts a cross-sectional end view of the clamp arm of FIG. 43, with the
cross-section taken along ling 44-44 of FIG. 43,

{60057 FIG. 45 depicts a cross-sectional end view of an exemplary alternative clamp arm
having a sheath equipped with a plurality of longitudinally extending heat dissipation
features:

{60058 FIG. 46 depicts a detailed perspective view of an end effector of another
excmplary alternative instrument having a tissuc locating strap.

[60059] FIG. 47A depicis a cross-sectional end view of the end effector of FIG. 46 with
the end effector in an open position, the cross-section taken along line 47-47 of FI1G. 46;

{60060} FIG. 47B depicts a cross-sectional end view of the end effector of FIG. 46 with
the end effector in a closed position, the cross-section taken along line 44-44 of FIG. 43,

100061} FIG. 48A depicts a detailed perspective view of an end effector of another
exemplary alternative instrument having an end cffector equipped with a tissue locating
pad, the end effector in an open position;

{00063} FIG. 488 depicts another detailed perspective view of the end cffector of FIG.

48A, the end effector in a closed position;
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{00063} FIG. 49 depicts a detailed perspective view of an end cffector of another
excroplary alternative instroment having a blade sleeve equipped with a visual tissue
tocating feature;

{60064] FIG. 50 depicts a detailed perspective view of an end effector of another
excroplary alternative instroment having a blade sleeve equipped with a visual tissue
tocating feature;

{00065] FIG. 51 depicts a detailed perspective view of an end effector of another
excemplary alternative instrument having a blade sleeve equipped with two physical tissue
locating features; and

{60066] FIG. 52 depicts a perspective view of the blade sleeve of FIG. 51,

{60067 The drawings arc not intended to be limiting in any way, and it is contemplated
that various embodiments of the technology may be carried out in a varicty of other ways,
including those not necessarily depicted 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 cxplain the principles of
the technology; it being understood, however, that this technology is not limited to the

precise arrangements shown.
DETAILED DESCRIPTION

[60068] The following description of certain examples of the technology should not be
used to limit its scope. Other cxamples, features, aspects, embodiments, and advantages
of the techunology will become apparent to those skilled in the art from the following
description, which is by way of illustration, one of the best modes contermaplated 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 deseriptions should be regarded as Hlustrative in nature

and not resirictive,

e
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{60069 It s further understood that any one or more of the teachings, expressions,
embodiments, examples, cte. deseribed herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples, ete. that are described herein,
The following-described teachings, expressions, embodiments, examples, efc. 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 are

intended to be included within the scope of the claims.

{83070} For clarity of disclosure, the terms “proximal” and “distal” are defined herein
relative to a human or robotic operator of the surgical instruoment. The term “proximal”
refers the position of an element closer to the human or robotic operator of the surgical
instrument and further away from the surgical end cffector of the surgical instrument.
The term “distal” refers to the position of an clement closer to the surgical end cffector of
the surgical instrument and further away from the human or robotic operator of the

surgical instrument.
180071} I Exemplary Ultrasonic Surgical Instrument

188072} FIGS. 1-6B illustrate cxemplary uitrasonic surgical instruments {10, 108). At
fcast part of cach instrument (10, 100} may be constructed and operable in accordance
with at least some of the teachings of U, Pat. No. §,322.055; U.S. Pat. No. 5,873,873;
LS. Pat. No. 5,980,510; U.S. Pat. No. 6,325.811; U.S. Pat. No. 6,773,444; U.S. Pat. No.
6,783,524; U1.S. 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. Z009/0105750; U.S. Pub.
No. 2010/0069940; U.S. Pub. No. 2011/0015660; U.S. Pub. No. 2012/0112687; U.S.
Pub. No. 2012/0116265; U5, Pub. No. 2014/0005701; U.S. Pub. No. 2014/0114334;
U.S. Pat. App. No. 61/410,603; and/or U.S. Pat. App. No. 14/028,717. The disclosures of
cach of the foregoing patents, publications, and applications are incorporated by
reference heretn. As described therein and as will be described in greater detail helow,
cach instrument (10, 100) is operable to cut tissue and seal or weld tissue {c.g., a blood
vessel, ete.} substantially simmltancously. It should also be understood that instruments
(10, 100) may have various structural and functional similaritics with the HARMONIC

-10-
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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 similarities with the devices taught in any of the other references that are cited

and incorporated by reference berein,

{60673} To the extent that there is some degree of overlap between the teachings of the
references ¢ited herein, the HARMONIC ACE® Ultrasonic Shears, the HARMONIC
WAVE® Ultrasonic Shears, the HARMONIC FOCUS® Ultrasonte Shears, and/or the
HARMONIC SYNERGY® Ultrasonic Blades, and the following teachings relating to
mstruments (10, 100}, there is no intent for any of the description herein to be presumed
as admitted prior art. Several teachings herein will in fact go beyond the scope of the
tcachings of the references cited herein and the HARMONIC ACE® Ultrasonic Shears,
the HARMONIC WAVE® Ultrasonic Shears, the HARMONIC FOCUS® Ultrasonic
Shears, and the HARMONIC SYNERGY® Ultrasonic Blades.

1606074} A, Exemplary Ultrasonic Surgical Instrument for Minimally Invasive

Surgical Procedures

{00875} FIG. 1 illustrates an excmplary ultrasonic surgical instrument {10} that is
configured to be used in minimally invasive surgical procedures {¢.g., via a frocar or
other small diameter access port, ¢tc.). Instrument (10} of this example comprises a
handle assembly (20}, a shaft assembly (30}, and an end effector (40}). As shown in
FIGS, 2-38, 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
tbe (34). 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 cffector
(40). Handlc assembly (20) comprises a body (22} including a pistol grip (24} and a pair
of buttons (26). Handle assembly (20} also includes a trigger (28) that is pivotable
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 biases trigger (28) away from
pistol grip (24). Trigger (28} is pivotable toward pistol grip (24) to drive inner tube (34)

-11-
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proximally relative to outer sheath (32). When trigger (28) 1s thercafier released or
driven away from pistol grip (24}, inner tube {34} is 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.

{0076} As shown in FIGS. 2-3B, end effector (403 inchudes an ultrasonic blade (42y and a
ptvoting clamp arm (443, Clamp arm (44) includes a clamp pad (46) facing ultrasonic
blade (423, Clamp arm (44} 1s 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
fibe (34} 1s 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
to outer sheath (323 causes clamp arm (44) to pivot about pin (33) toward and away from
ultrasonic blade (42) to thereby clamp tissue between clamp pad (46} and ultrasonic blade
(42} to transect and/or scal the tissue. In particular, as seen in the transition from FIGS.
3A to FIG. 3B, proximal longitudinal translation of inner tube (34) relative to outer
sheath (32} and handle assembly (20} causes clamp arm {44) to pivot toward ulrasonic
blade (42); and distal longitudinal translation of inncr tube (34} relative to outer sheath
(32} and handlc assembly (20} causes clamp arm (44) to pivot away from ulirasonic blade
{(423. 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 causc clamp arm (44} to pivot away from

ultrasonic blade (42).

180077} An ultrasonic transducer assembly {12) extends proximally from body (22) of
handle assembly (20). Transducer assembly (12) is coupled with a generator (16} via a
cable (14}, Transducer assembly (12) receives clectrical power from generator (16) and
converts that power into ultrasonic vibrations through piczoclectric principles. Generator
(16} may include a power sowrce and control module that is configured o provide a
power profile to transducer asserobly (12} that is particularly suited for the generation of

ultragsonic vibrations through transducer assembly (12}, By way of example only,

-12-
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generator (16} may cowmprise a GEN 300 sold by Ethicon Ewndo-Surgery, Inc. of
Cincinnati, Ohio. In addition or in the alternative, generator (16} may be constructed in
accordance with at least some of the teachings of ULS. Pub. No. 2011/0087212, cutitled
“Surgical Generator for Ultrasonic and Electrosurgical Devices,” published Aprit 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 {16) may be integrated into
handle assembly (20}, and that handle assembly (20} may even include a battery or other
on-board power source such that cable (14) is omitted. Still other suitable forms that
gencrator {16} may take, as well as various features and operabilitics that gencrator (16)
may provide, will be apparent to those of ordinary skill in the art in view of the teachings

herein.

{80478 Ultrasonic vibrations that arc gencrated by transducer assembly {12} are
communicated along an acoustic waveguide {38}, which cxtends through shaft assembly
(30} to reach ultrasonic blade {(42). Waveguide {38) is sceured within shaft assembly (30)
via a pin {not shown}, which passes through waveguide (38) and shaft assembly (30).
This pin is located at a position along the length of wavegnide (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.e., vibrating
ultrasonically}, ultrasonic blade (42} is operable to effectively cut through and seal tissue,
particularly when the tissuc is being clamped between clamp pad (46) and ultrasonic
blade (42). It should be understood that waveguide (38) may be configured to amplify
mechanical vibrations transmitted through waveguide (38). Furthermore, waveguide (38)
may include features operable to control the gain of the longitudinal vibrations along
waveguide {38) and/or features to tune waveguide (38) to the resonant frequency of the

system.

100079} 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
comrmunicated through waveguide (38), in order to tone the acoustic assembly to a
preferred resonant frequency f, when the acoustic assembly is not loaded by tissue.

When transducer assembly (12} is energized, the distal end of ultrasonic blade (42) is

13-
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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 (12} of the present example is activated, these mechanical
oscillations are transmitted through the wavegumide to reach ultrasonic blade (42), thereby
providing oscillation of ultrasonic blade (42) 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 simultancously 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 clectrical current may alse be provided

through ultrasonic blade (42) and/or clamp pad {46} to also scal the tissue.

{B008G] An operator may activate buttons {26} to sclectively activate transducer assembly
(12} to thereby activate ultrasonic blade (42). In the present example, two buttons (26)
arc 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 rcadily fully 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 (10} and

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

100081} The foregoing components and operabilities of instrument (10} arc mercly
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 lecast part of instrument (10} may be constructed and/or operable in
accordance with at least some of the teachings of any of the following, the disclosures of
which are all incorporated by reference herein: U.S. Pat. No. §,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,
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U.S. Pub. NWo. 2006/0079874; US. Pub. No. 2007/6i91713; U.S. Pub. No.
2007/0282333; U.S. Pub. No. 2008/0200940; U.S. Pub. No. 2010/0063940; U.S. Pub.
No. 201 1/0015660; U.S. Pub. No. 2012/0112687; U.S. Pub. No. 2012/0116265; U U.S.
Pub. No. 2014/0005701; and/or U.S. Pub. No. 2014/0114334.  Additional merely
tHhustrative variations for instrument {10} will be desceribed in greater detail below, It
should be understood that the below described variations may be readily applied to
mstrument {10} described above and any of the instroments referred o in any of the

references that are cited herein, among others,

183082} B. Exemplary Ultrasonic Surgical Instrument for Open Surgical
Procedures
HHUERY FIG. 4 ilustrates an exemplary ultrasonic surgical instroment (100} that is

configured to be used in open surgical procedures.  Instrument (100) of this example
comprises a handle assembly (1283, a shaft assembly (138}, and an end effector (140).
Handle assembly {120) comprises a body (122} including 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 assembiy {150} includes a
shank (152} with a thumb grip ring (154}, Thumb grip ring (154} and finger grip ring
(124} together provide a scissor grip type of configuration. It should be undersiood,
however, that various other suitable configurations may be used, including but not limited

to a pisto] grip configuration.

{00084} Shaft assembly (130} comprises an outer sheath (132} extending distally from
body (122, A cap {134) is sccured to the distal end of sheath (132). As best sgen in
FIGS. 5-6B, end effector {140) comprises an ultrasonic blade (142} and a clamp arm
(144}, Ultrasonic blade (142) cxtends distally from cap (134). Of course, cap (134} is
merely optional and may be omitted if desired. Clamp arm (144) is an integral foature 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 to pin (156); whilc shank
(152) and thumb grip ring {154} arc positioned proximal to pin (156). Thus, as shown in
FIGS. 6A-0B, clamp arm (144) 18 pivotable toward and away from ultrasonic blade (142)
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based on pivoting of thumb grip ring {154} toward and away from body (122} of handie
assembly (120). It should therefore be understood that an operator may squecze thumb
grip ring (154} toward body (122} to thereby clamp tissue between clamp pad (146) and
pltrasonic blade {142) to transect and/or secal the tissue. In some versions, one or more
restlient members are used o 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.

[80085] Referring back to FIG. 4, an ultrasonic transducer assembly (112} extends
proximally from body (122} of handle assembly (128}, Transdocer assembly (112} is
coupled with a generator {116) via a cable {(114). Transducer assembly (112} receives
electrical power from generator {116} and converts that power into ultrasonic vibrations
through piczoelectric 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 gencration of ultrasonic vibrations through transducer
assembly (112). By way of example only, generator {116) may comprise a GEN 300 sold
by Ethicon Endo-Surgery, Inc. of Cincinnati, Chio. In addition or in the aklicrnative,
generator (116} 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 Aprib 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
handle assembly (120} may cven 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 varigus featurcs and operabilitics that generator (116) may provide, will be

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

100086} Ultrasonic vibrations that are gencrated 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 sccured within shaft assembly
{130} via a pin {(not shown}, which passes through waveguide {138) and shaft assembly

(130).  This pin 1s located at a position along the length of wavegude (138)
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corresponding to a node associated with resonant ultrasonic vibrations comununicated
through waveguide (138). As noted above, when ultrasonic blade (142) 15 in an activated
state (i.¢., vibrating ultrasonically), ultrasonic blade (142} is operable to effectively cut
through and seal 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
configured to amplify mechanical vibrations transmitted through waveguide (13§},
Furthermore, waveguide (138) may include features operable to control the gain of the
longitudinal vibrations along wavegnide (138} and/or features to tune waveguide {138&) to

the resonant frequency of the system.

{B0087] In the present example, the distal end of sltrasonic blade (142} is located at a
position corresponding to an anti-node associated with resonant ultrasonic vibrations
communicated through waveguide (138}, in order to tune the acoustic assembly to a
preferred resonant frequency £, when the acoustic assembly is not loaded by tissue.
When transducer assembly (112} is energized, the distal end of ultrasonic blade (142) is
contigured to move longitudinally in the range of, for example, approximately 10 to 500
microns peak-to-peak, and in some instances in the range of about 20 to about 200
microns at a predetermined vibratory frequency £, of, for example, 55.5 kHz, When
fransducer assembly (112) of the presemt cxample is activated, these mechanical
oscillations arc transmitted through waveguide (138} to rcach ultrasonic blade (142),
thereby providing oscillation of ultrasonic blade (142} at the resonant ultrasonic
frequency. Thus, when tissue is secured between ultrasonic blade (142) and clamp pad
(46}, the ultrasonic oscillation of ultrasonic blade (142} may simubiancously sever the
tissuc and denature the proteins in adjacent tissue cells, thereby providing a coagulative
effect with relatively hittle thermal spread.  In some versions, an electrical current may
also be provided through ultrasonic blade (142) and/or clamp pad (146) to also seal the

{issye.

{00088 An operator may activate buttons (126} to sclectively activate transducer
assembly (112} to thereby activate ultrasonic blade (142). In the present example, two
huttons {126} are provided — one for activating ulirasonic blade (142} at a low power and

another for activating ultrasornic blade (142) at a high power. However, it should be
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understood that any other suitable number of buttons and/or otherwise selectable power
levels may be provided. For instance, a foot pedal may be provided to selectively
activate transdocer assembly (1123 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
manipulate buttons (126) using their index finger. Of course, any other suitable
techniques may be nsed to grip and operate instrument (100); and buttons (126) may be

located at any other suitable positions.

{B0089] The foregoing components and operabiftties of nstrument (100} are merely
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 hercin. By way of
example only, at least part of instrument {100} may be constructed and/or operable in
accordance with at least some of the teachings of any of the following, the disclosures of
which are all incorporated by reference herein: U.S. Pat. No. 5,322,855, U.S. Pat. No.
5,873,873; U.S. Pat. No. 5,980,510; U.S. Pat. No. 6,325811; 118, Pat. No. 6,783,524,

JS. Pub. No. 2006/0079874; US. Pub. No. 2007/0191713; U.S. Pub. No.

2007/0282333; U.S, Pub. No. 2008/0200940; U.5. 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. 2014/6005701; U.S. Pub. No. 2014/0114334; and/or U.S. Pat. App. No.

]

14/031.665.  Additional merely ilustrative variations for instrument (100) will be
deseribed in greater detail below. It should be understood that the below described
variations may be readily applicd to instrument (100} described above and any of the

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

RS 1L Exemplary Features for Providing Heat Management in an Ubtrasonic
piar £ g

Surgical Instrument

100091} In some instances, onc of more regions of instrument (10, 100) may heat up
during extended operation of instrument {10, 100} in a surgical procedure. By way of
cxample only, blade (42, 142), clamp arm (44, 144}, and/or other portions of instrument
(10, 100} may cventually heat up over time. Such heating may be caused by friction
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and/or other factors. To the oxtent that the heat s jmtially generated in one particular
component of instrament (10, 100} {e.g., blade {42, 142} or clamp arm (44, 144), etc.},
such heat may be gradually transmitted to other portions of mstrument (10, 100}, It may
be desirable to mintmize such heating and/or otherwise manage such heating in order o
avoid having heated portions of instrument (10, 100} contact tissue 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 biunt
dissections and/or simple tissne grasping, cte. 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 (1, 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 to those of ordinary skill in the art in view of the teachings herein.

[60092] In addition to the examples described below, it should be understood that one or
more portions of imstrument (10, 100} may include a thermal insuiator 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 insufator or barrier coating i8 a nanocomposite
{(c.g., hydro-NM-oxide) in an acrylic resin suspension. An cxample of such a coating is
NANSULATE® coating by Industrial Nanotech, Inc. of Naples, Florida. Additional
merely illustrative examples of thermal insulator or barrier coatings include the
following: EST 1711 by Ellison Surface Technologics, Inc. of Mason, Ohio; 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 Dayton, Ohio;
Alumina Titania; Zirconium Oxide; Aluminum Oxide; and/or various other kinds of

coatings, including combinations thereof,

100093} A thermal insulator or barricr coating may be applicd to various external surfaces
of instrument (10, 100}, such as regions of blade (42, 142) that arc not intended to contact
tissue, clamp arm (44, 144}, clamp pad (46, 146}, outer sheath (32, 132}, cap (134}, cic.
In addition or in the alternative, such a coating may be applied to various internal

surfaces of instrament (10, 100), such as sorfaces in generator (16, 116), transducer
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assembly (12, 112), internal electronics components, ¢te.  In addition to providing a
thermal barrier or insulation, such a coating may serve as a corrosion barrier, fire block,
ete. In the below examples that include various components that are added to or
otherwise incorporated into variations of instrumment (10, 100}, the coating may also be
applied to one or more regions of such components. Other suitable ways in which a
thermal coating may be incorporated into instrument {10, 100} and varniations thereot will

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

[83094] To the extent that any of the examples discussed below are shown and deseribed
in the context of a varigtion of one particular kind of instrument {18 or 100}, it should be
uanderstood that the same teachings may be readily applied to the other kind of instrument
(10 or 100}, Each example described below should therefore not be viewed as only
having applicability to either instroment (13} or instrument (100}, Furthermore, it is
contemplated that the tecachings below may be rcadily applicd to other kinds of

instruments, not just variations of instruments (10, 100).

{60095 A, Exemplary Shield Features for Ultrasonic Blade
180096] The examples described below include various sieeves or other shields that may

extend around at least a portion of an ultrasonic blade such as blades (42, 142) described
above. It should be understood that these sieeves or shields may act as heat shields that
prevent tissue from being inadvertently burned by a hot blade (42, 142) as mught
otherwise occur through direct contact with the portion of blade (42, 142) being shielded
by the sleeve/shield. The examples of sleeves or shields may thus serve as a barrier
restricting contact between tissuc and blades (42, 142}, In addition to serving as a barrier,
the sleeves or shields described herein may also provide a channel to collect and/or
administer a cooling fluid adjacent to blade (42, 142}, By way of cxample only, the
siceves or shields described hercin may provide a gap between an inner surface of the
sieeve or shicld and an outer surface of blade (42, 142}, In some instances, this gap may
receive vapor that is emitted when an activated blade (42, 142) contacts tissue. The

vapor recctved in the gap may cool blade (42, 142}, In addition or in the alternative, a
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cooling fhuid may be communicated to the gap from a fluid source that is proximal to

blade (42, 142}, and this commumicated fluid may cool blade (42, 142).

{60097} Various ways in which vapor and/or cooling fluid may be provided in conjunction
with a slecve or shield are disclosed i ULS, Patent App. No. [ATTORNEY DOCKET
NO. END7325USNP.0616768], entitled “Features to Apply Fluid to 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.
END7479USNP.0616774], entitled “Features to Drive Fluid toward an Ultrasonic Blade
of a Surgical Instrument,” filed on even date herewith, the discloswre of which is
incorporated by reference herein; U.S. Patent App. No. [ATTORNEY DOCKET NO.
END7325USNPLO616770], entitled “Shiclding Features for 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.
END7577USNP.0621500], entitled “Features for Communication of Fiuid through Shaft
Assembly of Ultrasonic Surgical Instrument,” filed on even date herewith, the disclosure
of which 18 incorporated by reference hercin.  Various suitable ways in which the
tcachings below may be readily combined with the teachings of those references will be

apparent to those of ordinary skill in the art.

[60098] it should be undersiood that any of the sleeves or shields described below may
comprise a temperature sensitive material. For instance, such a temperature sensitive
material may be configured to change color and/or otherwise change in appearance in
response to changes in tomperature. In some such cxamples, the sleeve or shicld may
change color as the tomperature of the blade (42, 142} that is adjacent to the sleeve or
shicld increases. The slecve or shicld may thus provide the operator with a visual
indication of the thermal condition of blade (42, 142) and/or the rest of end effector (40,
140}, Various suitable materials that may be used to provide such properties will be
apparent to those of ordinary skill in the art in view of the tcachings hercin. By way of

cxample only, such material may include Huntsman RenShape 7820,
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{60099 In some versions, one or more of the sleeves described below comprises
Polybenzimidazole-Polyetherketoneketone (PBI-PEKK).  As another merely ilhustrative
example, one or more of the sleeves described below may comprise Perfluorcalkoxy
(PFA). In addition or in the alternative, any of the sleeves deseribed herein may
comprise glass-filled PFA; Polyamide-imide (PAI}, such as TORLON; Thermoplastic
Polyimide (TPI}, such as EXTEM; Polyetherimide (PED, such as ULTEM; carbon-filled
PEL Polvetherctherketone (PEEK); glass-filled Polvaryictherketone (PAEK);, DSM
Somaos ProtoTherm 12120; and/or DSM Somos NanoTool. Still other suitable materials
that may be used to form the slecves described below will be apparent to those of
ordinary skill in the art in view of the tecachings herein.  Similarly, various suitable
methods for forming sleeves {e.g., injection molding, SEA, ctc.) will be apparent to those

of ordinary skill in the art in view of the teachings herein,
{600106] i. Exemplary Instrument with Removable Blade Sleeve

000101} FIGS. 7A-8 show an exemplary instrument (200} that is equipped with a
removable biade sleeve (260). Instrument {200} of this example is substantially the same
as instrument (100} described above, except as otherwise noted herein.  Although
instrument {200} is shown as being substantially the same as instroment (1060}, it should
be understood that the teachings herein may be readily incorporated with instrument (10),
described above. Like with instrument (100}, instrument (200} includes a shaft assembly
(230}, an end cffector (240), and a clamp arm assembly (250). Shaft assembly (230}
compriscs an outer sheath (232}, and a cap {234). Outer sheath (232} cxtends distally
from body {(not shown) and houses a waveguide {23&). Cap (234} is sccured to outer
sheath (232} and sclectively secures sleeve (260) to instrument (200), as will be described

in greater detail below.,

{606102] End cffector {240} includes blade (242) and clamp arm (244). Clamp arm {244} is
attached to a shank (252) of clamp arm assembly {250) and is pivotable about pin (256).
As with instroment (100}, clamp arm (244) includes a clamp pad (246), which
compresses tissuc against blade (242) when clamp arm assembly (250) is pivoted about

pin {256} toward blade (242},
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600103} Sleeve (260} is configured to cover the outer portion of blade {(242) to protect
fissue from inadvertent contact with blade (242 and to further dissipate excess heat from
blade (242}, In this context, the “outer portion” of blade (242) includes the region of
blade (242) that tissue will not be compressed against when clamp arm (244} 1s pivoted to
a closed position. As will be described in greater detail below, slegve (2603 may be
comprised of any suitable material such as rigid thermoplastic, silicon, and/or other
material(s). Slecve (264 includes a blade cover portion (262) and a cap portion (264).
Blade cover portion {262} extends distally from cap portion (264} with a generally semi-
circufar shape providing exposure of the inner portion of blade (242). In this context, the
“inper portion” of blade (242} includes the region of blade (242) that tissuc will be

compressed against when clamp arm (244) is pivoted to a closed position.

[000104] Thus, blade (242) 158 only partially covered by blade cover portion (262} such that
tissue may still contact blade (242} directly when the tissue is clamped between blade
(242} and clamp pad (246). As blade cover portion (262} extends distally, a shight
longitudinal bend is formed. The shape of blade cover portion (202) gencrally
corresponds to the shape of blade (242}, In other examples, blade cover portion (262)
may have a different shape corresponding to a differently shaped blade (242}, Although
blade cover portion (262} is shown as extending distaily for the full length of blade (242),
it should be understood that in other examples (such as those described below) blade
cover portion {262) may extend distally for only a portion of the length of blade (242), if

desired.

{000185] As can best be scen in FIGS. 7B and 8, cap portion {246} is generally circular in
shape and may completely surround waveguide (238) and/or blade (242) when blade
sleeve (260} s attached to cap (234). Cap portion {246) compriscs a recessed portion
{266} and a protruding poka-yoke feature {268&). Recessed portion {266) and poka-yoke
feature {268) engage a corresponding protruding portion {270} and recessed poka-yoke
feature (272) that arc integral to the internal diameter of cap (234). Thus, recessed
portion {266} is operable to removably securc blade sleeve (260) to cap (234) via

protruding portion {270) of cap (234). Morcover, poka-voke features (268, 276) work
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cooperatively to cosure proper orientation of blade sleeve (260) relative to blade (242)

and to further prevent rotation of blade siceve (260} while instroment (200} 1s in use.

[000100] I an excemplary mode of operation, jnstrument (200) may be equipped with blade
slecve (260) and an operator may selectively remove blade sleeve (260} during a
procedure to clean blade (242) or to use instrument (200) without blade sleeve (260). To
further assist with cleaning of blade (242), blade (242) may be coated with a parylene
coating, which may act as a non-stick finish on blade (242). It should be understood that
the inner surfaces and edges of blade sleeve (260} may collectively serve as a wiper,
wiping off coagulated blood, other debris, and/or fluids, ete. from blade (242} when blade
sleeve (260} 1s removed from blade (242). After blade sleeve (260} is pulled off of blade
{(242), the same blade sleeve (268} or another blade slegve (260} may be placed back on
blade (242} for further use. Other suitable ways in which blade sleeve (260} may be used
will be apparent to those of ordinary skill in the art in view of the teachings herein. Bt
should be understood from the foregoing that, in the present example, blade sleeve (260)
is translated along a longitudinal path in order to couple blade sleeve (260} with

instrument {200} and decouple blade slecve (260) from instrument (200},

{606107] 2. Exemplary Instrument with Removable Cap and Blade
Sleeve
{600108] FIG. 9 shows an exemplary instrument (300) that is equipped with a removable

assembly (310} that is formed by a cap (334) and a blade slceve (360}, Instrument (300)
is substantially the same as instruments (100, 200} described above, except as otherwise
noted herein.  Although instrument (200} s shown as being substantially the same as
instrument {(100), it should be understood that the tcachings hercin may be readily
incorporated with instrument (10}, described above. Like with instrument (200},
instrument {300} includes cap (334), which is attachable to an outer sheath (332) to
partially shicld a waveguide (338) extending through outer sheath {332). Instrument
(300} similarly includes end cffector (340), which includes a blade (342) and a clamp arm
(344). Clamp arm (344} is pivotable such that tissue may be compressed between blade

(342} and a clamp pad (346) of clamp arm (344},

24



WO 2015/081042 PCT/US2014/067225

{600109] Unlike instrument (200), cap (334 of instrument (300} is unitarily secured to
sleeve (360} vet is selectively removable from outer sheath (332). Thus, the primary
difference between instrument (2003 and instrument (300) is that cap {334) s selectively
removable from instrument {300} to remove sleeve (360). Cap (3343 may be attachable
to outer sheath (332) using any suitable features. For instance, in some examples cap
(334} may utilize a similar protrusion and recess system as deseribed above with respect
to sleeve (2603, Yet in other examples, an entirely different set of attachment features
may be used such as those deseribed in greater detail below. Other suitable attachment
features that may be used will be apparent to those of ordinary skill in the art in view of

the teachings hercin.

{B06110] In an exemplary mode of operation, instrument (300} may inttially be equipped
with assembly {310) and an operator may selectively remove assembly (310) during a
procedure to clean blade {342) or to usc instrument (300} without assembly (310). To
further assist with cleaning of blade (342), blade (342) may be coated with a parvienc
coating, which may act as a non-stick finish on blade (342). It should be understood that
the inner surfaces and edges of sleeve (360) may collectively serve as a wiper, wiping off
coagulated blood, other debris, and/or fluids, ete. from blade {342} when sleeve (360) is
removed from blade (342). Asscembly (310} may also be cleaned in conjunction with
cleaning of blade (342). Asscmbly (310) may also be similarly coated with a parylene
coating to act as a non-stick finish,  After assembly (310} has been removed from
instrument (300}, assembly (310) may be reattached to instrument (300). Alternatively,
assembly (310} may be replaced with a new cap assembly {310} and the used assembly
{310} may be discarded. It should be understood from the foregoing that, in the present
cxample, assemnbly (310) is translated along a longitudinal path in order to couple

assembly (310} with instrumoent (300} and decouple assembly (310} from instrument

(300).
(000111} 3. Excemplary Altcrnative Features for Attaching Slecve
(800112} Although some cxamples for attaching blade slecves (260, 360} to instruments

{200, 300) arc described above, it should be understood that blade sleeves (260, 360) may
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be attached to imstruments (200, 300} i wumerous other ways, Several suitable
aliermative means of attachment are deseribed below. It should be understood that, while
the examples described below may be described in connection with a certain instrument
(10, 100}, the examples may be readily applied to any other instrument {18, 100, 200,
300} deseribed herein.

{00113 FIG. 10 shows an exemplary alternative end cffector (400}, which inclades a
selectively attachable blade sleeve (460} and a blade (442} protruding from a cap (434).
It should be understood that end effector (4003 may be readily incorporated into any
mstrument (10, 100, 300} described heremn. Cap {(434) 1s securely attached to an outer
sheath (4323, Blade sleeve (460) is selectively attachable to outer sheath (432} via an
attachment rail (470). In particular, attachment rail (470} includes a distal attachment
portion {472} extending outwardly above cap {434) such that attachment portion (472} is
positioned above cap (434). Attachment portion (472) defines a snap fit barb member
(474}, which is configured to cngage a corresponding member {not shown) inside of
sieeve {460). In other words, attachment portion {472} is insertable into the proximal end
of slecve (460) where snap fit barb member (474) forms a snap fit with slecve (460),
thereby sciectively attaching sleeve (460) to end cffector {(400). Sleeve (460} may thus
be secured to end cffector (400) by first properly positioning sleeve (4603 in relation to
blade (442} and then translating sleeve (460) along a longitudinal path to insert snap fit
barb member (474} in the proximal end of sleceve (460}, Other than having different
attachment features, slecve (460) may be otherwise configured and operable similar to

blade sleeves (260, 360) described above.,

[B00114] FIGS. 11-12 show another exemplary end cffector (500), which includes a
selectively attachable blade slecve (560) and a blade (542) protruding from a cap (534). It
should be understood that end cffector (500) may be readily incorporated into any
instrument (10, 100, 300} described herein. Cap (534) is securcly attached to an outer
sheath (532). Blade sleeve (560) is selectively attachable to outer sheath (532) via an
attachment rail (570). In particular, attachment rail (570} includes a distal attachment
portion {572} extending outwardly above cap (534) such that attachment portion {(572) is

positioned above cap (534}, Attachment portion (5§72} also includes a distal end (574),
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which curves downwardly away from the longitudinal axis of attachwent rail {570}
toward cap (534). Attachment portion {572) thus forms an opening {576) that may permit

engagement of sleeve (560 with attachment portion (572}

[000115] As can be seen in FIG. 12, sleeve (560} inclades two tabs (578), which together
torm a channel (580) in sleeve (560). Channel (580} 15 configured to receive attachment
portion {572) such that sleeve {560} may be removably attached to instrument (500},
Tabs {(578) are comprised of a resiliently biased material to permit attachment member
(572} to resiliently engage with sleeve (5603, Tabs (578) may thus provide a snap fit with
rail {(570). Accordingly, sleeve (560} may be relatively securely fastened to instrament
{500} via attachment portion (572} until an operator desires to remove sleeve (560} (e.g.,
for cleaning purposes, €iC.). An operator may then apply a sufficient amount of foree to
overcome the resilicnt bias of tabs (578}, thereby removing sleeve {560} from instrument
(500). Slecve {(560) may thus be secured to end effector (500} and removed from end
cifector (500} by translating sleeve (560) along a path that is transverse to the
longitudinal axis of sheath (532}, Other than having different attachment features, sleeve
(560} may be otherwise configured and operable similar to blade sleeves (260, 360)

described above.

1008116] FIG. 13 shows another exemplary instrument {600}, which includes a selectively
attachable blade sleeve (660). Instrument {600} further comprises a clamp arm (620} and
a blade {642) protruding from a cap {634). Cap (634) is securcly attached to an outer
sheath (632}, Blade sleeve (668) is sclectively attachable to cap {634} via an attachment
member (670}, In particular, attachment member (670) extends distally from cap (634)
and includes a distal attachment portion (672). Attachment portion (672} extends
outwardly from the perimeter of attachment member (670) forming a barb. As will be
deseribed in greater detail below, sleeve (660} is configured to sclectively engage

attachment portion (672) to thereby sclectively attach sleeve (660) to instrument (600},

[800117] Sleeve (660} comprises a distal blade cover portion (662} and a proximal ferrule
portion {664). Blade cover portion (662} is substantially the same as blade cover portion

{262}, described above such that it will not be described in greater detail here. Ferrule
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portion {664} inchudes an engagement feature {666) (shown in phantom), which is
complementary to the shape of attachment member {(670). In the present example, ferrule
portion {664} is comprised of a resiliently biased or elastomeric material such that ferrule
portion (664} is deformable to receive attachment member (670). In some versions, blade
cover portion (662} is formed of a soft, flexible silicone material; while ferrule portion
(664} 1s formed of 8 harder vet resilient plastic material. Portions (662, 664) may be
removably coupled together, fixedly coupled together, or otherwise coupled together in

any suitable fashion.

{600118] In an exemplary mode of operation, sleeve (660} is attachable to instrument (600}
by a user applying a force to sleeve (660} in the longitudinal direction indicated by arrow
{690) in FIG. 13, In particular, ferrule portion (664) of slecve (668} is forced outwardly
by the shape of attachment portion (672} of attachment member {670}, Once ferrule
portion {664} is fully engaged with attachment member (670), ferrule portion (664)
returns to its original shape and is retained in place by cngagement between engagement
feature (666} of ferrule portion {664) and attachment portion (672} of attachment member
(670). Slecve (660) may later be selectively removed from instrument (600} by applying

a similar force in a direction opposite of the arrow (690} in FIG. 13,
[000119] 4, Exemplary Blade Sleeves of Variable Coverage of Blade

{600126] in some examples it may be desirable for blade sleeves (264, 360) to only
partially cover blade (242, 342). For instance, in such cxamples blade sleeves (260, 360)
may beneficially remove excess heat and protect against inadvertent contact with tissue,
yet the shortened length relative to blade (242, 342) may bencficially allow for increased
vistbility of blade (242, 342) and/or increased exposed regions for mtentional contact
with tissue. It should be understood that while the blade sleeves described below may be
discussed in the context of instruments similar to instrument {100}, the blade sleeves may

be readily combined with instruments {10, 200, 300, 400, 500, 600} discussed herein.

1600121 FIG. 14 shows an exemplary alternative imnstrument (700} having a shortened
blade sleeve (760}  Instrument (700} is substantially similar to instrument (100)
described above except as otherwise noted below. In particular, instrument {700} includes
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a shaft assembly (730) and an end effector (740). Shaft assembly (730) comprises an
onter sheath (732} and a cap (734) attached to outer sheath (732). Sleeve (760} extends
distally from cap (734). End effector (7403 comprises an ultrasonic blade (742) and a
clamp arm (744}, which is pivotable relative to blade (742) to clamp tissue between a

clamp pad {746) of clamp arm (744} and blade (742).

[B00122] Steeve (760} is substantially the same as sleeves {260, 368} described above
except sleeve (760) extends distally relative to blade (742) for only two thirds of the
length of blade {742) instead of the full length of blade. Accordingly, the distal region of
blade (742} may be at least partially visible during use of instrument (700). However,
because sleeve (760 covers two thirds of the tength of blade (742}, sleeve (760} may still
protect fissue from inadvertent contact with blade (742} and may remove excess heat
from blade (742). By having sleeve {760) extend along only a portion of the length of
blade (742), a back portion of the distal region of blade {742} is fully exposed, allowing
that exposed back portion of the distal region of blade (742) to be used to perform back
cutting and/or other procedures {¢.g., uses where clamp arm (744} is not used to compress

tissuc against the front portion of blade (742}, etc.}.

{60G123] FIG. 15 shows an exemplary alternative mnstrument (800} having a shortened
blade sieeve (8603, which is similar to blade sleeve {760} described above. Instrument
(800} is substantially similar to instrument (100} described above except as otherwise
noted below. In particular, instrument (800} includes a shaft assembly (830} and an end
effector (840). Shaft assembly (830} comprises an outer sheath (832} and a cap (834)
attached to outer sheath (832). Sleeve (K60) cxtends distally from cap (834). End
effector (840) comprises an ultrasonic blade (842) and a clamp arm (844), which is
pivotable relative to blade (842) to clamp tissue between a clamp pad (846) of clamp arm

{844 ) and blade (842).

1000124} Sleeve (860) is substantially the same as sleeves {260, 360, 760} described above,
except sleeve (860) extends distally relative to blade (842) for only one half of the length
of blade (842) insicad of the full length of blade. Accordingly, the distal region of blade

(842} may be at least partially visible during use of instrument (800). Howcever, because
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sleeve (860) covers one half of the length of blade (842), sleeve (860} may still protect
fissue from imadvertent contact with blade (842} and may remove excess heat from blade
{842). Again, by having sleeve (860} extend along only a portion of the length of blade
{842}, a back portion of the distal region of blade (842} is fully exposed, allowing that
exposed back portion of the distal region of blade (842} to be used to perform back
cutting and/or other procedures (€.g., uses where clamp arm (844} is not used to compress
tissue against the front portion of blade {842), etc.}. This same principle may be applied

to any other sleeve or similar feature described herein.

[B06125] Although sleeves (760, 860} described above are shown as covering two thirds
and one half of the length of blades (742, 842}, respectively, it should be understood that
in other examples, sleeves (760, 860) may cover any suitable length of the blade from
just over O percent to 100 percent. It should be further understood that, in some
examples, sleeves (760, 860) may cxtend even further than the full fength of blades (742,
842}, In such examples, the additional length of sleeves (760, 860) may be used to
support an clectrode for the emission of RF clectrosurgical current, which may be used to
cut and/or seal tissue. Additionally, clamp arm (744, 844} may extend for a similar
cngth to support another opposing charged electrode {c.g., when a bi-polar system is

used).

{600126] Versions emploving RF energy to cut and/or scal tissuc may be constructed and
operable in accordance with at least some of the teachings of 1S, Pat. No. 6,500,176
entitled “Electrosurgical Systems and Techniques for Scaling Tissue,” issued Decomber
31, 2002, the disclosure of which is incorporated by reference hercin, US. Pat. No.
7,112,201 entitled “Electrosurgical Instrument and Method of Use,” issued September 26,
2006, the disclosure of which s incorporated by reference herein; US. Pat. No.
7,125,409, entitled “Electrosurgical Working End for Controlled Energy Delivery,”
tssued QOctober 24, 2006, the disclosure of which is incorporated by reference herein;
U.S. Pat. No. 7,169,146 entitled “Electrosurgical Probe and Method of Use,” issued
January 30, 2007, the disclosure of which is incorporated by reference herein; U.S. Pat.
No. 7,186,253, entitled “Electrosurgical Jaw Structure for Controlled Energy Delivery,”

issued March 6, 2007, the disclosure of which is incorporated by reference herein; U.S.
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Pat. No. 7,189,233, entitled “Electrosurgical Instrumoent,” issued March 13, 2007, the
disciosure of which is incorporated by reference herein; ULS. Pat. No. 7,223,951, entitled
“Surgical Sealing Surfaces and Methods of Use,” issued May 22, 2007, the disclosure of
which is incorporated by reference herein; US. Pat. No. 7,309,849, entitled “Polvmer
Compositions Exhibiting a PTC Property and Methods of Fabrication,” issued December
I8, 2007, the disclosure of which is incorporated by reference herein; U.S. Pat. No.

2

7,311,709, entitled “Electrosurgical Instrument and Method of Use,” issued December
25, 2007, the disclosure of which is incorporated by reference herein; UK. Pat. No.
7,354,440, entitled “Electrosurgical Instrument and Method of Use,” issued April 8,
2008, the disclosure of which is incorporated by reference herein; and/or 11.S. Pat. No.
7,381,209, entitled “Electrosurgical Instrument,” issued June 3, 2008, the disclosure of

which is incorporated by reference herein,
{606127] 5. Exemplary Blade Sleove with Dissection Tip

1960128} In some examples it may be desirable for an instrument, similar {0 instruments
{10, 100) described above, to inchude a passive blunt dissection tip. Such blunt dissection
fips may be useful for manipulating tissue in preparation for cutting and sealing by an
ultrasonic blade of the instrument. Although the exampie described below is discussed in
the context of an instrument similar to instrument {100), it should be understood that the
features or concepts described below may be readily combined with any of the other
instruments described herein as will be apparent to those of ordinary skill in the art in

view of the teachings herein.

1008129] FIG. 16 shows an exemplary alternative instrument (900), which incorporates a
blade sleeve (960) having a dissection tip (370). Instrument (300} is substantially simifar
to instrument {100) described above except as otherwise noted below. In particular,
instrument {300) comprises a shaft assembly (930} and an ond effector {940}, Shaft
assembly {930} comprises an outer sheath (932) and a cap {934) attached to outer sheath
(932}, Sleeve (960) extends distally from cap (934). End cffector (940) comprises an
ultrasonic blade (942) and a clamp arm (944), which is pivotable relative to blade (942)

to clamp tissuc between a clamp pad (946) of clamp arm (944) and blade (942).
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[B00138] Sleeve (960} 15 substantially the same as sleeves (260, 360}, described above,
except sleeve (960) includes a blunt dissection tip (970) extending along an axis at an
angle of approximately 90° relative to the longitudinal axis of sleeve {960). In some
versions, sleeve (360 &8 fully rigid. Clamp arm (944) includes a corresponding distal
extension (9723, which extends along the same axis as dissection tip (970}, It should be
understood that the 90° extension of dissection tip (970} and distal extension (872} is
merely exemplary and in other examples the angle of extension may be varied (e.g., less
than 907 or greater than 90°) as will be apparent to those of ordinary skill in the art in
view of the teachings herein, Clamp arm (944) further includes a distal pad (974) that is
contfigured to grasp tissue. Accordingly, dissection tip {970} of sleeve {960} and distal
extension of (372} may be used to clamp tissuc between distal pad (874} and dissection
tip (970). Although not shown, it should be understood that dissection tip {(970) may also
include a pad similar to distal pad (374} to further enhance the grasping ability of

dissection tip (970).

1600131 As can be scen, disscction tip (970} and distal extension (972} are positioned
distally of blade (942) such that blade (942} docs not engage tissue when only dissection
tip (970} is used to grasp tissue. Disscetion tip (970} of the present example is oriented
for use when instrument {300} is being grasped by a right hand of a user. Howover, it
should be understood that disscction tip (970) may be oriented in the opposite dircction
such that instrument may be used with a left hand of a user. It should also be understood
that while dissection tip {370} and distal cxtension (972) arc shown as being oriented
along the samc grasping planc as blade (942) and clamp pad (946), in other examples
dissection tip {970} and distal extension (972} may be oriented along an entirely different

grasping plane.

(000132} 6. Excmplary Blade Sleove with Light Emitting Feature
{80133} FIG. 17 shows an exemplary alternative instrument (1300}, which incorporates a

blade slecve (1060} having a light cmitting featore (1070). Instrument (1000) is
substantially similar to instrument (100} described above cxcept as otherwise noted

below. In particular, instrument (1000} comprises a shaft assembly (1030) and an end
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effector {1040). Shaft assembly (1030} comprises an outer sheath (1032} and a cap
{1034} attached to outer sheath (1032}, Slecve (1060} extends distally from cap (1034).
End effector (1040) comprises an ultrasonic blade (not shown} and a clamp arm (1044),
which is pivotable relative to the blade to clamp tissue between a clamp pad {1046) of

clamp arm (1044} and the blade.

[000134] Steeve (1060) includes a light emitting feature (1070), which is shown in phantom
in FIG. 17. Light emitting feature {1070) of the present example receives light via optical
fiber (1072}, The proximal end of optical fiber (1072) may receive light from any
suitable source. Optical fiber {1072) extends within outer sheath (1032} distally through
cap (1034) to sleeve (1060). Optical fiber (1072) may be comprised of a single
thuminating fiber, or a bundle of several fibers. Accordingly, optical fiber (1072}
communicates visible light from the hight source (not shown} to light emitting feature
(1070). Light cmitting feature (1070) may comprise features such as lenses, mirrors,
and/or reflective surfaces to direct and focus the light communicated by optical fiber
(1072). In an exemplary mode of operation, light emitting feature (1070) illuminates the

arca surrounding end effector (1040) to thereby increasce visibility.

{606135] Although light emitting feature (1070} of the present example utilizes fiber optics
to deliver Hght to end effector {1040}, it should be understood that in other cxamples light
emitting feature (1070} comprise a light source such as a light emitting diode; and optical
fiber (1072} may comprise an clectrical wire. Regardless, light emitting feature (1070}
may be duplicated in other cxamples with a plurality of light emitting features (10670)
positioned in different points in slecve {1060}, Yet in other examples, light emitting
feature (1070) may be in a different position than the position depicted in FIG. 17, For
instance, Hght cmitting feature (1070} may be positioned on the distal and/or proximal
ends of siceve (1060}, Alternatively, light coitting feature (1070) may be positioned on
another feature entirely such as on clamp arm (1044}, Other suitable positions for one or
more lght emitting features (1070) will be apparent to those of ordinary skill in the art in

view of the teachings herein.
(000136} B. Exemplary Stiffening Features for Blade Slecve
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[800G137] In some instances, it may be desirable to stiffen a blade sleeve similar to blade
sleeves {260, 360} described above. Such stiffening may be desirable when sleeve (260,
360} is made of a flexible material such as silicone, ete.  In particolar, such stiffening
may be desirable to substantially maintain the position of sleeve (260, 360} so that slecve
(260, 360} will continue to serve as an effective heat shicld for blade (242, 342}; and/or
so that sleeve (260, 3603 will contimie to effectively provide a channel for receiving or
conveying vapor/cooling fluid/ete. for blade (242, 3423, It may also be desirable to still
provide some flexibility in sieeve {264, 360), to prevent blade (242, 342} from generating
excess heat in the event that a non-nodal portion of blade (242, 342} engages sleeve (260,
360}, Thus, it may be desirable to balance the physical properties of the slecve between
rigid and flexible. Several examples of blade sleoves {1160, 1260, 1360, 1460, 1560,
1660} arc disclosed below that include features to increase stiffness yet maintain a
desired level of flexibility. While blade sleeves (1160, 1260, 1360, 1460, 1560, 1660}
may be described within the context of an instrument similar to instrument (10) or
instrument (100), it should be understood that the various features described below may
be readily incorporated into any instrument described hercin as will be apparent to those

of ordinary skill in the art in view of the tcachings herein,

{B00138] i. Exemplary Multiple Layered Blade Sleeve

{600G139] FIGS. 18 and 19 show an exemplary alternative instrument (1100}, which
incorporates a blade sleeve (1160} having a stiffening laver (1170} and an inner layer
(1172). Instrument (1100} is substantially similar to instrument (100} described above
except as otherwise noted below.  In particular, instrument (1100) comprises a shaft
assembly (1130} and an end cffoctor (1140). Shaft assembly (1130} compriscs an outer
sheath (1132) and a cap (1134) attached to outer sheath (1132}, Slecve (1160} cxtends
distally from cap (1134). End effector (1140} comprises an ultrasonic blade {(1142) and a
clamp arm (1 144), which is pivotable relative to blade (1142} to clamp tissuc between a

clamp pad (1146) of clamp arm (1144} and blade (1142}

000140} Blade sleeve (1160} is substantially similar to blade slecves (260, 360} described

above such that sleeve {1160} corresponds generally to the size and shape of blade (1142)
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to cover the outer portion of blade (11423, As can best be seen in FIG. 19 and as noted
above, sleeve (1160} comprises two layers, an outer stiffening laver (1170} and an inner
tayer {1172). Suiffening layer (1170} may be comprised of a rigid material such as a rigid
plastic, metal, ceramic, or the hike. In contrast, inner layer (1172} may be comprised of a
relatively soft and thermal insulating material such as silicone, polytetraftuoroethylene, or
the like. In addition, inner layer (1172) may be coated to the interior of stiffening layer
{(1170) to form a coating. By way of example only, stiffening layer (1170} may comprise
steel while inner layer (11723 may comprise silicone, with the steel being dip-coated in
the silicone. In some other examples, inner layer (1172) may be attached with an
adhesive or mechanical attachment means. As yet another merely iHustrative example,
inner layer (1172} may be overmolded on stiffening layer (1170). In an exemplary mode
of operation, stiffening layer (1170} is operable to provide structural stiffness to slecve
(1160} such that sleeve {1160} remains in position relative to blade (1142). However, in
the ecvent that inner layer (1172} contacts blade {1142) while blade (1142) is
ultrasonically activated, inner layer (1172} does not damage blade (1172). Sleeve (1160)
will also act as a heat shield to prevent inadvertent direet contact between tissue and
blade (1142). Sleeve (1160) may also gather vapor generated when tissue is heated by
blade (1142) and thus cool blade (1142} with the gathered vapor. In addition or in the
alternative, sleeve (1160} may convey a cooling Liquid to blade (1142) as described in

one or more references cited herein,

(000141} FIG. 20 shows another alternative instroment (2800}, which incorporates a blade
slceve (2860) having a stiffening layer (2870} and an inner layer (2872). Instrument
(2800} is substantially similar to instrument {1100} described above except as otherwise
noted below. In particular, instrument (2800) comprises a shaft assembly (2830) and an
end cffector (2840). Shaft assembly (2830) comprises an outer sheath (2832) and a cap
(2834} attached to outer sheath {2832}, Sleeve (2860} extends distally from cap (2834).
End effector (2840} comprises an ultrasonic blade (2842) and a clarop arm (2844), which
is pivotable relative to blade (2842) to clamp tissue between a clamp pad (2846) of clamp
arm (2844} and blade (2842).
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[000142] As noted above, blade sleeve (2860} comprises stiffening layer (2870} and inner
laver (2872). Like stiffening layer (1170} described above, stiffening layer (2870)
comprises a rigid material such as rigid plastic, metal, ceramic, or ete. such that stiffening
laver {2870} adds increased stiffness to sieeve (2860). However, unlike stiffening layer
(1170), stiffening layer (2870} does not extend for the full length of blade (2842).
Instead, inner layer {2872) extends distally beyond stiffening layer (2870} for the full
fength of blade (2842}, By way of example only, stiffening layer (2870} may terminate 2
to 6 mm proximally from the distal end of blade (28423 Like inner layer (1172)
described above, inner layer (2872} is comprised of a flexible material such as silicone or
the ke, Accordingly, the portion of inner layer {2872} not supported by stiffening layer
(2870) may be moveable away from blade (2842). In an exemplary mode of operation,
an operator may actuate inner layer (2872} away from blade (2842) using tissue, a feature
of end effector (28480), or another instrument. With a portion of blade (2842} fully
exposcd, a user may use blade {(2842) for procedures requiring the entire outer region of
blade {2842) (c.g., backcutting). After use, an operator may release inner laver (2872) and
inner layer (2872} may return to its original position adjacent to blade (2842) as shown in

F1G. 20.

1008143] FIG. 21 shows an alternative blade sleeve (1188} that may be used with
instrument {1100) as an altcronative to blade sleeve (1160}, Sleeve (1180) 1s substantially
the same as sleeve (1160} cxcept that sleeve (1180} of this cxample comprises a single
layer {1182). Slecve {1180} of this cxample may be comprised of a single material having
high stiffness and high temperatore propertics such as ultem, PEEK, and/or any other
suitable material(s). In other examples, the interior and/or exterior of sleeve (1180} may
be coated with a compliant and high temperature tolerant material such as silicone to

reduce wear, noise, and/or inefficiency upon contact with blade (1142).

[000144] FIG. 22 shows yet another alternative blade sleeve (1198} that may be used with
instrument (| 100) in alternative to blade sleeves (1160, 1180). Sleeve (1190} is similar to
slceve (1180}, However, sleeve (1190} of this example is comprises resiliont material
and includes a blade cover (1192) with a slight preformed bend or curve such that blade

cover (1192) bends toward the longitudinal axis of blade (1142). In some versions,
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sleeve (1190) s formed of only a single material. In some other versions, sleeve (1190}
is formed of two or more layered materials. By way of example only, sleeve (11983} may
comprise an inner layer of silicone {or some other relatively soft material} and an outer
laver of resilient plastic {or some other resilient material}. The curved shape of blade
cover (1192} biases the distal end of blade sleeve (1190} toward blade (1142) when
sleeve is installed on instroment (1100}, With sleeve (1190) installed onto instrument
(1100) blade (1142} may engage the distal end of sleeve {1190} and thercby deflect
sleeve (1190}, causing sleeve (1190} to assume a configuration that is nearly parallel with
the longitudinal axis of blade (1142). It should be understood that the preformed bend of
blade cover (1192} acts to keep sleeve (1190} relatively close to blade (1142) when
sieeve (1190) is installed about blade {1142},

[800145] 2. Exemplary Instrument with Integral Blade Sleeve

[600146] FIGS. 23 and 24 show an exemplary alternative instrument {1200}, which
incorporates an integral blade sleeve (1260}, Instrument (1200} is substantially similar to
mstrument {10} described above oxcept as otherwise noted below. In particular,
instrument (1200} comprises a shaft assembly (1230} and an end effector {1240). Shaft
assembly (1230} comprises an outer sheath (1232} and an inner tube (1234) oriented
coaxially within outer sheath {1232}, Sleove {(1260) cxtends distally from inner tube
(1234}, as will be described in greater detail below. End cffector {1240} comprises an
ultrasonic blade (1242} and a clamp arm (1244), which is pivotable relative to blade
(1242) to clamp tissue between a clamp pad (1246} of clamp arm (1244) and blade

(1242},

{000147] Sleeve {1260) is similar to sleeve {1160} described above, in that sleeve (1260)
comprises a supporting outer layer (1270} and an inner layer (1272}, However, unlike
stecve {1160), sleeve (1260} extends for only a portion of the length of blade (1242).
Morcover, siceve (1260) is of integral construction with inner tube (1234} such that outer
layer (1270} s cssentially a unitary extension of inner tube (1234). Accordingly, outer
layer (1270} comprises the same structural material as inner tube (1234) (e.g., metal,

ceramic, cte.). Although outer layer (1270} is shown as being integral with inner tube
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{1234} in this exarople, 1t should be understood that in other examples outer layer (1270}
may alternatively be integral with outer sheath {1232). Inner layer (1272} comprises a
softer material such as silicone, polytetrafluorocthylene, and or the ke, Additionally,
fnner layer (1272) inchades ontwardly extending portions (1274), which cover the edges
of outer layer (1270} to further prevent contact between blade (1242) and outer layer
(1270). Outwardly extending portions {1274} may also prevent tissue from contacting
the edges of outer layer (1270). In an excmplary mode of operation, stifferung laver
{1270} provides structural stiffness to sleeve (1260} such that sleeve {1260) remains in
position relative to blade (1242). However, inner layer (1272} is operable to contact
blade (1272} without damaging blade (1272}, while still serving as a heat shicld and/or a

feature for proving cooling fluid to blade (1272).

1000148} 3. Exemplary  Instroment with Blade Sleeve Stuffening
Member
[000149] FIGS. 25-27 show an exemplary alternative instrument (1300), which includes a

stiffening member (1370} to stiffen a blade sleeve (1360},  Instrument {1300} is
substantially similar to instrument (100} described above except as otherwise noted
below. In particular, instrument (1300} comprises a shaft assembly (1330} and an end
cifector (1340). Shaft assembly (1330} comprises an outer sheath {1332} and a cap
{1334) attached to outer sheath {1332}, Sleeve (1360} extends distally from cap (1334).
End effector (1340) comprises an ultrasonic blade (1342) and a clamp arm (1344}, which
is pivotable relative to blade {1342} to clamp tissue between a clamp pad (1346) of clamp

arm (1344} and blade (1342).

{600156] Instrument (1300} further includes a stiffening member (1378} Stiffening
member (1370 extends distally from outer sheath (1332) through cap (1334} and through
sieeve (1360} opposite to blade (1342). The proximal end of stiffening member (1370)
may be sceured to outer sheath {1332} by welding, mechanical fastening means, adhesive
boding, and/or in any other suitable fashion. In the present cxample, stiffening member

(1370) is comprised of a relatively rigid material such as metal, rigid plastic, or the like.
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Stiffening merober (1370} ray be formed as a substantially straight rod, beam, or similar

structure.

[B00151] Sleeve {1360} is substantially similar to sleeves (260, 360) described above.
However, as can be seen in FIG. 26, sleeve (1360) may be overmolded around stiffening
merber (1370} {or may be otherwise coupled with stiffening member (1370)) such that
sleeve (1360} receives additional structural support from stiffening member (1370}
Moreover, because slecve {1360) is overmolded around stiffening member {1370} {or
stiffening member is otherwise disposed within the sidewall of sleeve {1360)), only
sleeve (1360) may contact blade (1342}, Thus, sleeve (1360} protects blade (1342) from

contact with stiffening member (1370).
[600152] 4, Exemplary Blade Sleeve with Deflection Feature

[000153] FIGS. 28A-29 show an exeroplary alternative instrument (1400}, which inclodes a
blade slecve (1460) having an integral deflection feature (1470). Instrument (1400} is
substantially similar to instrament (10} described above except as otherwise noted below.
In particudar, instrument (1400} comprises a shaft assembly (1430} and an end effector
(1440). Shaft assembly (1430) comprises an outer sheath (1432) and an inner tube
{1434) oriented coaxially within outer sheath (14323, Sleeve {1460} extends distally from
inner tube (1434), as will be deseribed in greater detail below. End effector (1440)
comprises an ultrasonic blade (14423 and a clamp arm {1444}, which is pivotable relative
to blade (1442) to clamp tissuc between a clamp pad (1446} of clamp arm (1444) and
blade {1442).

18003154] Steeve (1460} inchudes an integral deflection feature (1470, which extends
transversely from sleeve {1460}, Deflection feature (1470) inchudes a tapered portion
{1472} that tapers toward the proximal end of deflection feature (1470}, Thus, deflection

cature {1470} is thicker at its distal end and thinner at its proximal end. Sleeve (1460}

further inclades an attachment feature (1474), which is configured to maintain slecve

(1460) at a fixed longitudinal position relative to blade (1442) while permitting slceve

(1460) to move upwardly and downwardly relative to blade (1442). In particular,

attachment feature (1474} comprises a recess {1476} that is configured to reccive a pin

-36.



WO 2015/081042 PCT/US2014/067225

(1433). Pin (1433) extends through outer sheath (1432), clamp arm (1444), and recess
(1476}, thus acting as a pivot point for clamp arm (1444} and a point of fixation for recess
{(1476). However, because recess (1476) is open, attachment feature {1474} is only

prevented from moving in the longitudinal direction.

{600155) In an exemplary mode of operation {as best seen by comparing FIGS. 28A and
28R}, inner tube (1434) is advanced distally to drive clamp arm (1444) away from blade
{1442), placing end cffector (1440} in an open configuration. When inner tube {1434) 1s
advanced distally, inner tube {1434) acts upon deflection feature (1470} to push slecve
{1460) transversely and into contact with blade (1442}, Thus, while end cffector (1440)
is open, sleeve (1460) is in contact with blade (1442} via deflection member (14703, This
may correspond to blade {1442) being inactive such that sleeve {(1460) may dissipate

excess heat without being subjected to vibrational energy from blade (14423,

{B00156] To drive clamp arm {1444} toward blade (1442} and thereby close end effector
(1440}, wner tube {1434) i3 retracted proximally.  As inner tube (1434) is retracted
proximally, nner tube (1434} moves along tapered portion (1472} of deflection member
{(1470). As inner tube (1434} moves along tapered portion (14723, deflection member
(1470} clears the distal end of inner tube {1434} and thereby permits sleeve (1460} to
move transversely away from blade (1442) in the direction indicated by the arrow (1480)
in FIG. 28B. Thus, when end effector (1440} is in a closed configuration, sleeve (1460}
may disengage from blade (1442}, In some versions, sleeve {1460} is preformed to
resiliently deflect transversely away from blade (1442} when the distal end of inner tube
(1434} is not bearing against deflection member (14783, In addition or in the alternative,
slceve (1460) may be pushed to deflect transverscly away from blade (1442 by tissue
that is being compressed against blade (1442} by clamp arm (1444). In any of these
cascs, with sleeve (1460} at lcast partially disengaged from blade (1442}, blade (1142)
may be ultrasonically activated to cut and sever tissue without having an adverse impact

on slceve (1460},

[000157] It should be understood that although deflection member (1470) is shown as being

a part of slceve (1460), in other examples deflection member (1470} may comprise onc or
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more mechanical design features gencrally tied to the opening and/or closing of end
effector {1440). For instance, in some examples, clamp arm (1444} may incorporate a
mechanical feature to drive sleeve (1460} toward and/or away from blade (1442) in
response to movement of clamp arm (1444}, Yet in other examples, inner tube (1434)
may comprise a member sumilar to deflection member (1470} that may drive sleeve

{1460} toward and/or away from blade (1442} in response to movement of clamp arm

(1444).
18003158] . Exemplary Ultrasonic Blades with Overmolded Blade Covers
[688159] In some instances it mway be desirable to use an instrument similar o instrurnents

(10, 100) described above without a blade sleeve similar to blade slecves (260, 360, 460,
5360, 660, 760, 860, 960, 1060, 1160, 1260, 1360, 1460) described above. Even without
the blade slecve, it may still be desirable to protect at least a portion of an ultrasonic
blade from madvertent contact with tissne and/or to efficiently dissipate heat from the
pltrasonic blade. In such instances, similar desirable characteristics may be achieved
using a cover that is directly overmolded onto an ulirasonic blade, thus eliminating the
need for a separately secured blade sleeve. While the following examples inchide covers
that arc overmolded onto ultrasonic blades, it should be understood that other portions of
an end cffector may include one or more overmolded covers, in addition to or in ficn of
an overmold on the nltrasonic blade. By way of example only, a clamp arm may inchude
onc or more overmolded covers.  An overmolded cover on a clamp arm (and/or
clsewhere on the ond effector) may be provided in accordance with the teachings below
and/or in any other suitable fashion. Numerous other variations of overmolded covers

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

10030160} FIGS. 30-32 show an exemplary alternative ultrasonic blade (1542) that may be
readily incorporated into an instrument similar to instruments {18, 100) described above.
Bade (1542} is substantially the same as blades (42, 142) described above, except blade
(1542) of this example includes an attachment protrusion (1570} extending around the
perimeter of blade (1542). Attachment protrusion (1570} of the present example extends

distally along the longitudinal length of blade (1542) at the approximate top-to-bottom
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center of blade (1542). Alternatively, protrusion {1570) may be positioned closer to the
top or bottom of blade {1542). Protrusion {1570} also wraps arcund the distal end of

balde {1542) in this example, though this is optional,

1000161} As can best be seen in FIG. 31, attachment protrusion {(1570) has a generally
rectangular profile, although such a shape may be varied in other examples. In the
present example, attachment protrusion (1570) is integral with blade {1542) such that
blade (1542} and attachment protrusion {1570} are comprised of the same material. In
some other examples, attachment protrusion (1570) may be formed separately from blade

{1542) and may comprise a different material from blade (1542},

[000162] FIG. 32 shows a cross-section of blade (1542) with an overmold (1560) secured to
blade (1542} Overmold (1560} s overmolded around blade {1542) and attachment
protrusion {1570}, A portion of blade {1542) remains uncovered by blade {1542) such
that blade (15423 may be used to clamp, seal, and sever tissue. This exposed portion of
blade {1542} may face a clamp arm such as clamp arm {144), such that the clamp arm
may compress tissue against the exposed portion of blade (1542}, Overmold (1560} may
be comprised of any material suitable to protect blade (1542} from inadvertent contact
with tissue and to dissipate heat. By way of example only, overmold (1560) may be
formed of silicone and/or any other suitable material{s). It should be understood that
although overmold (1560) is shown as having a certain shape, overmold (1560) may have

any other shape suitable to cover blade (1542).

{606163] FIGS. 33-35 show another alternative ultrasonic blade (1642} that may be readily
incorporated into an instrument similar to instruments {10, 100} described above. Blade
(1642} is substantially the same as blade (1542) described above, cxcept blade (1642)
includes an attachment recess (1670) instcad of an attachment protrusion (1570).
Attachment recess (1670}, like attachment protrusion {1570), extends along the perimeter
of blade (1642) longitudinally and wraps around the distal end of blade (1642). As can
be scen in FIG. 34, attachment recess (1670) has a generally rounded rectangular profile,

though it should be understood that aliernative recess shapes may be used if desired.
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[000164] FIG. 35 shows a cross-section of blade (1642) with an overmold (1660} secured to
blade (1642). Overmold (16603} 15 overmolded around blade (1642) and attachment
recess (16703, Like with overmold (1542) described above, a portion of blade (1642)
remains uncovered by blade {1642} such that blade (1642} may be used fo clamp, seal,
and sever tissue. This exposed portion of blade (1642} may face a clamp arm such as
clamp arm (144}, such that the clamp arm may compress tissue against the exposed
portion of blade (1642). Overmold (1660} may be comprised of any material suitable to
protect blade from inadvertent contact with tissue and to dissipate heat. By way of
example only, overmold (1660} may be formed of silicone and/or any other suitable
material(s). It should be understood that although overmold (1660) is shown as having a

certain shape, overmold {1660} may have any other shape suitable to cover blade (1642},

000165 FIGS. 36-38 show another alterative ultrasonic blade {1742} that may be readily
incorporated into an instrument similar to instruments (10, 100) described above. In
particular, blade {1742} is substantially the same as blade {1542} described above, except
blade (1742} inchudes a plurality of discrete attachment protrusions {1770} instead of a
single continuous attachment protrusion (1570}, Attachment protrusions {1778}, unlike
attachment protrusion {157(), arc positioned at various positions along the perimeter of
blade {1742). In particular, two attachment protrusions {1770) arc positioned on cither
side of blade (1742) and a single attachment protrusion {1770) is positioned at the distal
end of blade (1742}, Of course, any other suitable arrangements may be used. As can be
scen in FIG. 37, attachment protrusions {1770} have a gencrally rectangular shape,
although alternative shapes may be used in other examples. Additionally, cach
attachment protrusion {1770) may have a different shape. Although blade (1742) is
shown as having three attachmoent protrusions (1770}, it should be understood that in

other examples, more or less protrusions {1770} having varying shapes may be used.

000166} FIG. 38 shows a cross-section of blade (1742} with an overmold (1760} attached.
Overmold (1760} is overmolded around blade (1742) and attachment protrusions (1770}
Like with overmold (1542) described above, a portion of blade (1742) remains uncovered
by blade (1742) such that blade may be used to clamp, scal, and sever tissue. Overmold

(1760) may be comprised of any material suitable to protect blade (1742) from
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madvertent contact with tissue and to dissipate heat. By way of example only, overmold
{1560} may be formed of silicone and/or any other suitable material(s). It should be
understood that although overmold (1768} is shown as having a certain shape, overmold
{1760} may have any other shape suitable to cover blade (1742}, In some alternatives,
overmold (1760} is formed separately and is then snapped onto blade (1742) instead of
being overmolded about blade. Other suitable variations will be apparent to those of

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

18003167} FIG. 39 shows a cross-section of another alternative ultrasonic blade (1842) that
may be readily incorporated into an instrument similar to instruments (10, 100} described
above. In particular, blade (1842) is substantially similar to blade {1642} desecribed
above, except blade (1842} is configured with a different cross sectional geometry. As
can be seen, blade (1842) has an I-shaped cross-sectional geometry., With such a
geometry, blade (1842) includes a clamping portion (1870) and a cover portion (1872)
with each portion {1870, 1872} connected by a recessed connecting portion {1874). As
will be understood, clamping portion {1870) may be used for clamping, cutting, and
scaling tissue. Connecting portion (1874} is narrower than both clamping portion (1870)
and cover portion {1872) such that a recess (1876) is formed on both sides of blade

(1842). Recess (18706) also extends along the full length of blade (1842) in this example.

{60031 68] Like attachment recess (1670} described above, recess (1876) of this example
may permit blade (1842} to support an overmold (1860}, Overmold (1860} is
overmolded onto blade {1842} over cover portion (1872} and into recess (18763 over
connecting portion (1874}, Overmold (1860} of the present example s a two part
overmold (1860) comprising a first portion (1862) and a second portion (1864). First
portion {1862) and second portion (1864) may be comprised of differing materials to take
advantage of diffcring mechanical propertics between first portion (1862) and second
portion {1864). For instance, first portion {1862} may comprise a coating on blade (1842)
that prevents adhesion of second portion (1864} to blade, while sceond portion (1864)
may comprise a plastic overmold or cap. Yet in other cxamples, first portion {1862} may
comprise a layer of polytewrafiuorocthylene or silicone adhered to blade (1842), while

second portion (1862) may comprise a ceramic spray coating. Still in other examples,
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first portion (1862} and second portion (1864) may be substituted with a unitary plastic
cap that is shaped to removably fasten to the geometry of blade (1842) (c.g. through a

snap fit, etc.}.

[000169] FIG. 40 shows a cross-section of another alternative ultrasonic blade (1942) that
may be readily incorporated into an instroment similar to fnstruments (10, 100} described
above. In particular, blade {1942) is substantially similar to blade {1842) described above,
except blade (1942} is configured with a different cross-sectional geometry. As can be
seen, blade (1942} has a generally rectangular geometry with a channel (1978) formed
therein. With such a geometry, blade (1942) includes a clamping portion (1972} and two

gripping portions {1974} that define channel (1972},

[600176] Channel (1970} may permit blade (1942} to support an overmold (1960).
Overmold (1960} is overmoldied onto blade (1942} over both gripping portions (1974)
and into channel (1970). Unlike overmold {1860} described above, overmold (1960} of
the present example comprises a single material such as silicone or the like. Of course,
overmold (1960} may mstead comprise a phirality of materials similar to overmold
{1860} described above. Yet in other examples, overmold (1960} may comprise a plastic

cap that may be selectively removable from blade (1942} (¢.g., in a snap fit fashion).

{00171} D Exemplary Clamp Arms with Features for Heat Dissipation
[606172] Although instruments similar to instruments (10, 100), described above, may be

equipped with blade sleeves or other blade covers to prevent tissue from inadvertently
coming into direet contact with a hot blade, to effectively quench a hot blade with
gathered vapor or a dispensed cooling fluid, or to otherwise dissipate heat from an end
effector, it may also be desirable to provide shielding or dissipation of heat from a clamp
army. The examples deseribed below include various features for the dissipation of heat
from the clamp arm. While these features may be described within the context of an
instrument similar to instrument (10} or instrument (100), it should be understood that the
various featurcs described below may be readily incorporated into any instrument
described hercin as will be apparent to those of ordinary skill in the art in view of the

tcachings herein.
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[000173] FIG. 41 shows an exemplary alternative instrument (2000}, which includes a
clamp arm {2044) having a heat dissipation feature (2078). Instrument (2000} is
substantially similar to instroment {(100) described above except as otherwise noted
below.  In particular, instroment (2000) comprises a shaft assembly (2030) and an end
effector {2040). Shaft assembly (2030} comprises an outer sheath (2032} and a cap
(2034} attached to outer sheath (2032}, Sleeve (2060} extends distally from cap (2034).
End effector (2040) comprises an ultrasonic blade (2042) and a clamp arm (2044}, which
is pivotable relative to blade (2042} to clamp tissue between a clamp pad (2046) of clamp

arm (2044} and blade (2042).

[000174] The portion of clamp arm (2044} opposite clamp pad (2046} includes a beat
dissipation feature (2070}, Heat dissipation feature (2070} of this example comprises a
phurality of overmolded laterally extending recesses (2072} alternating with a plorality of
circular protrusions (2074}, Hach recess (2072) gets progressively smaller from one
recess {2072} to the next from the proximal end of clamp arm (2044) to the distal end of
clamp arm (2044}, However, recesses {(2072) maintain a generally similar shape from
onc recess (2072) to the next. Similarly, cach protrusion (2074) gets progressively
smaller from one protrusion (2074) to the next from the proximal end of clamp arm
(2044) to the distal end of clamp arm {2044}, though protrusions (2074} maintain a

gencrally similar shape from one protrusion (2074} to the next.

{B08175] Heat dissipation feature (2070} is overmoided directly onto the surface of clamp
arm (2044} and may be comprised of a material such as silicone, plastic, or the like. The
shape of cach protrusion (2074) is configured to provide scparation between tissue and
clamp arm (2044) to prevent the tissue from being adversely effected by divect contact
with clamp arm (2044} when clamp arm (2044} 18 hot. Recesses (2072 and protrusions
(2074} arc further configured to increase the surface arca of clamp arm (2044}, thus
providing greater heat dissipation. Although recesses (2072) and protrusions (2074) are
shown as having certain respective shapes in this example, it should be understood that
recesses (2072) and protrusions {2074) may have any other suitable shapes. Moreover,
although recesses (2072) and protrusions (2074} are shown as being arranged in an

alternating fashion, in other examples recesses (2072) and protrusions (2074) may be
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grouped together in differcnt alternating patterns.  Of course, recesses (2072} and
protrusions (2074} may have any other suitable configurations as will be apparent to

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

[00017s] FIG. 42 shows another aliernative instrament (2100}, which inclodes a clamp pad
(2146) having a plorality of heat dissipation slots (2170).  Instrament (2100} 1s
substantially similar to instrument (100} described above except as otherwise noted
below. In particular, instrument (2100} comprises a shaft assembly (2130} and an end
effector (2140). Shaft assembly (2130} comprises an outer sheath {2132} and a cap
{2134) attached to outer sheath {2132}, Sleeve (2160} extends distally from cap (2134},
End effector (2140} comprises an ultrasonic blade (2142) and a clamp arm (2144), which
is pivotable relative to blade (2142} to clamp tissue between clamp pad {2146} of clamp

arm (2144} and blade (2142).

16606177 As noted above, clamp pad (2146} inclndes a plurality of heat dissipation slots
(2170).  In the present example, slots {2170} have rectangular shapes and extend
transversely through clamp pad (2146) from one lateral side of clamp pad (2146} to the
other lateral side of clamp pad (2146). 1t should be understood that while slots (2178 are
shown as being rectangular in shape, they may be any other suitable shape and/or size.
Clamp pad (2146} of the present example is shown as including two slots (2170}, though
it should be understood that clamp pad (2146) may instead include a single slot (2178 or
more than two slots (217803 In the present example, slots (2170) are configured to
dissipatc heat by increasing the amount of surface arca of clamp pad (2146).
Accordingly, excess heat communicated to clamp pad (2146) from blade (2142) may be
more readily dissipated via slots (2170). While slots (2170} arc formed in clamp pad
(2146} in this example, it should be understood that slots (2170) may be formed in clamp
arm {2144) in addition to or in leu of being formed in clamp pad {(2146). Similarly,
clamp arm {2144} and clamp pad {2146} may have differently configured heat dissipation

slots.

1000178} FIGS. 43 and 44 show an cxemplary alternative clamp arm (2244) with a sheath

(2270} having a plurality of longitudinally extending heat dissipation features (2272).
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Clarop arm (2244 is substantially the sarue as clamp arm (144) described above, except
as otherwise noted herein, Additionally, clamp arm (2244} may be incorporated into an
strument that may be substantially the same as instrument (108} described above.
Clamp arm {2244} comprises a clamp pad {2246} and sheath (2270} that is positioned
adjacent o clamp pad (2246}, In the present example, heat dissipation features (2272

extend distally for a length approximately equivalent to the length of clamp pad (2246).
As heat dissipation features (2272} extend distally along the length of clamp arm (2244},
the cross-sectional size of heat dissipation features (22723 shrinks, such that heat
dissipation features {2272) are tapered along their length. Moreover, heat dissipation
features (2272) converge toward cach other at the distal end of clamp arm (2244). It
should be understood that this shrinkage and convergence is a function of the shape of
clamp arm (2244}, In other words, clamp arm (2244) tapers as it extends distally such
that heat dissipation features (2272} may shrink and converge to complement the taper of

clamp arm {2244},

(600179 As can best be seen in FIG. 44, sheath (2270} is wrapped around the cxterior of
clamp arm {2244). In other cxamples, sheath (2270 may be overmolded to the exterior
of clamp arm (2244). Regardless, sheath (2270} may be comprised of any suitable
material such as silicone, polytetraftuoroethylene, or the like. Heat dissipation features
(2272) arc gencrally shaped as protrusions with sguarc cross-sectional profiles,
protruding outwardly from clamp arm (2244). Although the present cxample is shown as
having ten heat dissipation features (2272), it should be understood that sheath (2270)
may instead inclode any other suitable number of heat dissipation features (2272). The
square profile shape of heat dissipation features (2272) increase the surface arca of sheath
(2270) to increase heat dissipation from clamp arm (2244).  Additionally, the squarc
profile shape provides a small standoft arca to create separation between tissue and clamp

~ry

arm (2244). Of course, heat dissipation features {2272) may comprise any other suitable

cross-sectional profile shape.

1000180} FIG. 45 shows another cxemplary clamp arm (2344), which is substantially the
same as clamp arm (2244) described above. For instance, clamp arm (2344 compriscs a

sheath (2370) positioned adjacent to a clamp pad (2346}, Further, sheath (2370) mncludes
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a plurality of heat dissipation features (2372). However, unlike heat dissipation features
{2272} described above, heat dissipation features {2372} of the present example have a
generally triangular cross-sectional profile. It should be understood that the triangular
cross-sectional profile shape of heat dissipation features (2372} and the square cross-
sectional profile shape of heat dissipation featares (2272) are merely exemplary and in
other examples heat dissipation features (2272, 2372} may comprise any other suitable
cross-sectional profile shape as will be apparent fo those of ordinary skill in the art in

view of the teachings herein.

[600181] HER Exemplary Instruments with Tissue Locating Features
[000182] As described above, instraoments (10, 100} are configured to clamp tissue between

blade (42, 142} and clamp pad (46, 146} and further to cut through and scal tissne.
Where tissue such as a blood vessel s disposed between the proximal and distal ends of
clamp pad (46, 146), the tissue may be fully compressed against blade {42, 142) and may
thus be fully cut and severed. This may sometimes be referred to as a “full bite.” In
some instances, tissue may extend proximally or distally past clamp pad (46, 146). In
such instances, tissue that is not in contact with clamp pad (46, 146) might not be cut or
scaled due to lack of compressive force between clamp pad (46, 146} and blade (42, 142}
This may be desirable such as, for instance, when tissue extends distally of clamp pad
(46, 146) to take a “partial bite” In other instances, such as when tissue extonds
proximally of clamp pad (46, 146}, it may be undesirable to partially cut and/or scal such
tissue because such an action may lcad to an incomplete scal or cut. Thus, it may be
desirable to incorporate features into mstruments (10, 108) to cosure that tissue is aligned
as intended between clamp pad (46, 146} and blade (42, 142). In particular, it may be
desirable to cnsurc that tissuc is not positioncd proximal to clamp pad (46, 146). It
should be understood that while the cxamples below are described within the context of
instrument (10} or instrument (100), such cxamples may be readily applicd to cither
instrument {10, 100} as will be understood by those of ordinary skill in the art in view of

the teachings herein.
(000183} A. Exemplary Instrument with Tissue Locating Band
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[000184] FIGS. 46-47B show an exemplary alicrnative instrument (2300) that is equipped
with a tissue locating band (2360}, Instrament (2300} s substantially the same as
nstrument (100} described above, except as otherwise noted herein.  In particular,
instrument (2300} comprises a shaft assembly (2330} and an end effector {(2340). Shaft
assembly (2330} comprises an outer sheath {2332) and a cap (2334) attached to outer
sheath {2332). Sleeve (2360} extends distally from cap (2334}, End cffector (2340)
comprises an ultrasonic blade (2342} and a clamp arm {2344}, which is pivotable relative
to blade (2342) to clamp tissue between clamp pad (2346) of clamp arm (2344} and blade
(2342,

[B30185] End effector {2340) further comprises tissue locating band (2360} oriented
proximally of clamp pad {2346) and blade (23423, As can be seen, band {236{) wraps
around cap (2334) and clamp arm (2344} and may be fixedly secured to at least a portion
to cap (2334) and/or clamp arm {2344). In the present example, band (2360) compriscs
an extensible material, such that band (2360} is operable to stretch as end effector (2340)
transitions from a closed configuration (FIG. 478) to an open configuration (FIG. 47A).
Because band (2360} is configured fo stretch, it should be understood that band (2360}
may neck while stretched such that at least a portion of band (2360} narrows as band
(2360) is expanded. To account for such neocking, in other examples band (2360) may be
positioned shightly distally of the proximal end of clamp pad (2346}, In some versions,
band (2360} is extensible and is resiliently biased to assume a configuration wherehy
band (2360) fits snugly about cnd effector (2340} when end effector (2340) 1s in a closed
configuration. In such versions, band (2360) may be stretched to allow end cffector
(2340} to achicve an open configuration. In somc other versions, band (2360} is flexible
yet not extensible. In some such versions, band (2360} is not stretched when end effector
(2340} is in the open configuration. Other suitable propertics that band (2360} may have
will be apparent to those of ordinary skill in the art in view of the teachings herein. Tt
should also be understood that band (2360} may be an integral feature of a sleeve that

encorapasses a portion of blade (2342) hike the various sleeves described above.

{000186] In an cxemplary mode of opcration, tissue may be inscrted into end effector

(2340) while end effector (23440) is in the open position. Band (2360) may prevent tissue
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from being over mserted into end effector (2340), thus ensuring that tissue does not
extend proximally of clamp pad (2346}, Band (2360} may firther provide the operator
with tactile feedback, such that the operator may feel tissue engaging band (2360} and
thereby know that tissue 15 fully disposed in end effector (2340). Once tissue is properly
positioned in end effector (2340), end effector (2340) may be transitioned to the closed
position and blade (2342} may be activated to cut and/or seal tissue as clamp pad (2346)

compresses the fissue against blade (2342},
{B00187] B. Exemplary Instrument with Tissue Locating Pad

[B0018E] FIGS. 48A and 488 show another aliernative mnstrument (2400) that is equipped
with a tissoe locating pad (2460). Tostrumnent (2400) 1s substantially the same as
mstrument {2300} described above, except tissue locating band (2360} is replaced with
fissue locating pad (2468}, as will be described in greater detail below. Instrument (2400)
compriscs a shaft assembly (2430) and an end effector (2440} Shaft assembly (2430)
comprises an outer sheath (2432} and a cap (2434) attached to outer sheath (2432}
Sleeve (24603 extends distally from cap (2434}, End effector (24403 comprises an
pltrasonic blade (2442} and a clamp arm (2444), which is pivotable relative to blade

(2442) to clamp tissuc between clamp pad (2446) of clamp arm {2444) and blade (2442).

[H00189] End effector (24443 further comprises tissue locating pad (2460} positioned
proximally of clamp pad (2446} and blade {2442). As can be scen, locating pad {(2460) is
fixedly secured to cap {2434) and clamp arm (2444) through adhesive bonding, welding,
or the like. In the prosent example, locating pad (2460) comprises an elastomeric foam
material, such that locating pad (2460} is operable to compress and stretch as end effector
(2440) transitions between an open position (FIG. 48A) and a closed position (FIG. 48B).
Because locating pad (2460) is configured to compress and stretch, it should be
understood that the cross-section of locating pad (2460} may expand or coniract as
locating pad (2460} compressed and/or stretched. To account for this phenomenon, in
other examples locating pad (2460) may be positioned slightly distally or slightly

proximally of the proximal end of clamp pad (2446},
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600190} In an exemplary mode of operation, tissue may be inserted into end effector
(2440} while end effector (2440) is in the open position.  Locating pad {2460} may
prevent tissue from being over inserted into end effector (24403, thus cusuring that tissue
does not extend proximally of clamp pad (2446). Locating pad (2460} may further
provide the operator with tactile feedback, such that the operator may feel tissue engaging
band (2360} and thereby know that tissue is folly disposed in end effector (2440}, Once
tissue 13 properly positioned, end effector (2440) may be transitioned to the closed
position and blade (2442} may be activated to cut and/or seal tissue as clamp pad (2446)

compresses the tissue against blade (2442},
{00191} C. Exemplary Instrument with Visual Tissue Locating Features

[600192] FIG. 49 shows an exemplary alternative instroment (2500} that is equipped with a
blade sleeve {2360} having a visual tissue locating feature (2562). Instrument (2500} 1s
substantially the same as instrument {100) described above, except as otherwise noted
herein. In particular, instrament (2500) comprises a shaft assembly (2530) and an end
effector {2540). Shaft assembly (2530} comprises an outer sheath (2532} and a cap
(2534} attached to outer sheath (2532}, Sleeve (2560} extends distally from cap (2534).
End cffector (2540) compriscs an ultrasonic blade (2542) and a clamp arm (2544}, which
is pivotable relative to blade {2542) to clamp tissue between clamp pad {2546} of clamp

arm (2544} and blade (2542).

{B00193} Instrument further comprises blade slecve (2560} extending distally from cap
(2534). Blade slecve (2560) 1s substantially the same as blade sleeve (760} described
above, except blade sleeve (2560) includes visual tissue locating feature {2562). Tissuc
locating feature (2562} comprises a visible line extending laterally across slecve (2560),
which is aligned with the proximal end of clamp pad (2546). Thus, tissuc locating
feature (2562) is configured to provide an operator with additional visual feedback
indicating the location where clamp pad (2546) proximally terminates. It should be
understood that, in other examples, sleeve (25603 may include other tissue locating
features {2562} in addition to the one shown. For instance, slecve (2560) may include

two tissue locating features (2562) with onc corresponding to tissue placoment for a
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“partial bite” and another corresponding to fissue placement for a “full bite”
Additionally, where multiple tissue locating features (2562) are used, tissue locating
features (25623 may be color coded to more readily identify a particelar tissues locating
feature (25623, In some other examples, such as where blade (2542} is coated with
parvieng, sleeve (2560} may be omitted entirely. In such cxamples, it should be

understood that tissue locating feature(s) (2562} may be located directly on blade (25423,

1600194} FIG. 50 shows another aliernative instrument (2600} that is equipped with a blade
sleeve (2660} having a visual tissue locating feature (2662). Instrument {2600} is
substantially the same as instrument {(2500) described above, except tissue locating
featare (2662} of this example comprises an cutwardly extending protrusion instead of a
line. Instrument (2600} comprises a shaft assembly (2630) and an end effector (2640).
Shaft assembly {26303} comprises an outer sheath (2632} and a cap (2634} attached to
outer sheath (2632). Sleeve (2660) extends distally from cap (2634). End effector (2640}
comprises an ultrasonic blade (2642) and a clamp arm (2644}, which is pivotable relative
to biade (2642} to clamp tissuc between clamp pad (2646) of clamp arm (2644} and blade
(2642).

{B0G195] Instrument further comprises blade sleeve {2660) extending distally from cap
(2634). Blade slecve (2660} is substantially the same as blade sleeve {2560} deseribed
above, except blade sleeve {2660} includes visual tissuc locating feature (2662) that
incorporates a protrusion instead of just a line. As was noted above, tissue locating
feature (2662) is a protrusion extending laterally across sleeve (2660}, which is aligned
with the proximal end of clamp pad (2646} Tissuc locating feature (2662} may be
integral to sleeve (2660) or fixedly sccured to the exterior of sleove (2660). Additionally,
tissuc locating feature (2662 may have any suitable cross-sectional profile such as
square, triangular, rounded, or ctc. Like tissuc locating feature (2562}, tissue locating
feature (2662) is configured to provide a user with additional visual feedback indicating
the location where clamp pad (2546) proximally terminates. It should be understood that
in other examples, slecve (2660} may include other tissuc locating features (2662) in
addition to the one shown. For instance, sleeve (2660) may include two tissuc locating

features (2662) with one corresponding to tissue placement for a “partial bie” and
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another corresponding to tissue placement for a “full bite.” Additionally, where multiple
fissue locating features (26623 are used, tissuc locating features (2662} may be color
coded or shaped differently to more readily identify a particular tissues locating feature
(2662}, Of course, even where a single tissue locating feature (2662) is used, that tissue
locating feature (2662) may be colored to further promote visualization of tissue locating

feature (2662},

{606196] As another merely illustrative variation, in versions where a blade sleeve
comprises a relatively soft inner layer and a relatively rigid outer layer, the distal end of
the outer layer may terminate at a longitudinal position corresponding to the proximal
end of the clamp pad. The distal end of the ounter layer may thus provide a visual
indication of where the proximal end of the clamp pad 1s located.  Other suitable

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

hercin.
{00197} D Exemplary Instrument with Blade Sleeve having Physical Tissue
Locating Features
1800398] FIGS. 51 and 32 show an cxemplary alternative instrument (2700), which

incorporates a blade sleeve (2760} having two tissue locating prongs (2762). Instruoment
2700} s substantially similar fo instrument (10) described above except as otherwise
noted below. In particular, instrument (2700} compriscs a shaft assembly (27380} and an
end cffector (27403 Shaft assembly (2730} compriscs an outer sheath (2732) and an
inner tube (2734) oriented coaxially within outer sheath (2732). Sleeve (2760} extonds
distally from inner tube (2734), as will be described in greater detail below. End effector
(2740) compriscs an ultrasonic blade (2742} and a clamp arm (2744}, which is pivotable
relative to blade (2742) to clamp tissue between a clamp pad (2746) of clamp arm (2744}

and blade (2742).

{000199] As noted above, blade slecve (2760) comprises two physical tissuc locating
prongs (2762}, Tissuc locating prongs (2762) comprise a pair of squarc protrusions
extending upwardly from the top of slecve {2760} in this exampie. However, it should be
understood that tissue locating prongs {2762) may instead have any other suitable
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configurations, Tissuc locating prongs (2762) are positioned to correspond with the
proximal end of clamp pad {2746). Thus, tissue locating prongs {2762} act as a physical
stop for tissne when tissue is inserted into end effector {2740), thereby preventing over
insertion of tissue. Tissue locating prongs (2762) may further provide the operator with
tactile feedback, such that the operator may feel tissue engaging tissue locating prongs
(2762} and thereby know that tissue s fully disposed in end effector (27683,  While
tissue locating prongs (27623 are shown as being integral with sleeve (2760), in other
examples tissue locating prongs {2762) may be separately formed and fixedly secured o

stecve {2760).

[B30204] In some versions, blade sleeve (2760} is resiliently biased to closely encompass
the outer region of blade {(2742). In some such versious, blade sleeve (2760) may be
resiliently biased to contact blade (2742). In versions where blade sleeve (2760} s
resiliently biased to closely encompass {and perhaps contact} the outer region of blade
(2742}, clamp arm (2744} may be configured to engage tissue locating prongs {2762) and
thereby drive blade sleeve (2760} away from blade (2742) when clamp arm (2744) is
pivoted to the closed position. In some such versions, siceve (2760} may generally pivot
or flex away from blade (2742 when clamp arm (2744) pushes prongs {(2762) as clamp
arm (2744} is pivoted to the closed position. Thus, when clamp arm {2744} is in the open
position, sleeve (2760) may closely encormpass {(and perhaps contact) the outer region of
blade (2742); then deform to deflect away from blade (2742) when clamp arm (2744} is
in the closed position.  Alternatively, tissue locating prongs (2762} may be configured
and positioncd such that clamp arm (2744) does not engage prongs (2762) when clamp
arm {2744} is pivoted to the closed position. It should also be understood that onc or
more featurcs other than clamp arm (2744) may be configured to drive sleeve (2760)
away from blade {2742} when clamp arm (2744) 18 pivoted to the closed position and/or
at any other suitable stage of operation. Morcover, some versions of sleeve (2760) may
comprise a non-restlient material. By way of example ounly, a leaf spring, torsion spring,
or some other resilient member may provide a resilient bias to a sleeve (2760) that

comprises a non-resilient material.  Alternatively, sleeve (2760) may be non-biased in
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sotoe versions. Other suitable variations will be apparent to those of ordinary skill in the

art in view of the teachings herein.

[600201 ] IV, Miscellaneous

[000202] It should be understood that the teachings herein may be readily combined with
the teachings of any of the refercnces that are cited herein. It should also be understood
that the teachings herein may be readily cornbined with the teachings of U.S. Patent App.
No. [ATTORNEY DOCKET NGO, END7323USNPL0O616770], entitled “Shiclding
Features for Ultrasonic Blade of a Surgical Instrament,” filed on even date herewith, the
disclosure of which is incorporated by reference herein, Various suttable ways in which

the teachings may be combined will be apparent to those of ordinary skill i the art.

0002083 In addition to or as an alternative to using shielding to reduce heat in a version of
mmstrument (10, 100), a fluid may be used to cool blade (42, 142). For instance, a cooling
liquid {c.g., saline, cte.) may he applied to the proximal end of blade (42, 142). The
cooling fluid may then be commmunicated distally along the rest of the length of blade (42,
142} to thereby cool biade. 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 hquid distally along blade (42, 142). Such a particular, vibrational
scheme may have no meaningful 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 millisccond duration) of low
amplitude motion to drive the liquid distally along blade (42, 142). In some such
instances, generator (16, 116) is programmed to provide such liguid 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 yet another merely illustrative example,
mstrument (10, 100) may include a separate user input feature that is operable to

manually trigger a liquid driving vibrational scheme. Other suitable ways in which a
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liquid driving vibrational scheme may be triggered will be apparent to those of ordinary

skill in the art in view of the teachings herein.

[600204] In some other versions, the same vibrational oovement that is used to drive blade
during tissue cutting/scaling may drive liquid distally along blade (42, 1423 As vyet
another merely iHlustrative example, floid may be commmunicated to and/or along blade in
accordance with at least some of the teachings of U.S. Pub. No. 2011/8152759, entitled
“Use of Biomarkers and Therapeutic Agents with Surgical Devices,” published June 23,
2011, the disclosure of which is incorporated by reference herein. It should be
understood that the teachings in ULS. Pub. No. 2011/0152759 relating to dispensation of
medical fluids may be readily adapted to provide communication of cooling fluid.
Additional examples of ways in which fluid may be used to cool blade (42, 142) are
described i U.S.  Patent  App. No. [ATTORNEY DOCKET NO.
ENBD7325USNP.0616768], entitled “Features to Apply Fliid 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.06167741, entitled “Features to Drive Fluid toward an Ultrasonic Blade
of a Surgical Instrument,” filed on ¢ven date herewith, the disclosure of which is
incorporated by reference herein; U.S. Patent App. No. JATTORNEY DOCKET NO.
END7577USNP.0621500], entitled “Featurcs for Communication of Fiuid through Shaft
Assembly of Ultrasonic Surgical Instrument,” filed on cven date herewtith, the disclosure
of which is incorporated by reference herein; and U.S, Patent App. No. [ATTORNEY
DOCKET NOG. END7S578USNP.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 hercin, Other examples will be apparent to those of ordinary skill in the

art in view of the teachings herein.

[000205] In some instances, the heating at an end cffector (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 direct contact may

o
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occur at regions where tissue 1s not interposed between clamp pad (46, 146) and blade
(42, 142). Some operators may position 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) is 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
gencrate a significant amount of heat at the proximal portions where the direct contact

OCCUrs.

6002061 it may therefore be desirable to minimize the amount of direct contact between
clamp pad (46, 146} and blade (42, 142}, particnlarly at the proximal regions of clamp
pad (46, 146} and blade (42, 142). In other words, it may be desivable 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) engage first; then the proximal regions of
clamp pad {46, 146} and blade {42, 142}, Various cxamples of how an end effoctor {40,
144} may provide such staged engagement are described in U.S. Provisional Patent App.
No. 61/908,920, the disclosure of which is incorporated by reference herein; and also in
U.S. Patent App. No. [ATTORNEY DOCKET NO. END7325USNP2.0616772], entitied
“Ultrasonic Surgical Instrument with Staged Clamping,” filed on even 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.

[600287] It should be understood that any of the versions of instruments described herein
may include various other features in addition to or in leu of those described above., By
way of example only, any of the instruments described herein may also inclade one or
more of the various features disclosed in any of the various references that are
ncorporated by reference herein. It should also be understood that the teachings herein

may be readily applied to any of the instruments described in any of the other references
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cited herein, such that the teachings hercin rmay be readily combined with the teachings
of any of the references cited hercin in nomerous ways. Other types of instruments into
which the teachings berein may be incorporated will be apparent to those of ordinary skill

in the art.

1800208] It should be appreciated that any patent, publication, or other disclosure material,
in whole or in part, that is said to be incorporated by reference herein is incorporated
herein only to the extont that the incorporated material dogs not conflict with existing
defimitions, statements, or other disclosure material set forth in this disclosure. As such,
and to the extent necessary, the disclosure as explicitly set forth herein supersedes any
conflicting material incorporated hercin by reference. Any material, or portion thereot,
that 1s said to be incorporated by reference herein, but which conflicts with existing
definitions, statements, or other disclosure material set forth hercin will only be
incorporated to the extent that no conflict arises between that incorporated material and

the existing disclosure material.

600209 Versions of the devices deseribed above may have application in conventional
medical treatments and procedures conducted by a medical professional, as well as
application in robotic-assisted medical treatments and procedures. By way of example
only, varigus teachings hercin may be readily incorporated into a robotic surgical system
such as the DAVINCI™ gystem 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, cntitled
“Robotic Surgical Tool with Ultrasound Cauterizing and Cutting Instrument,” published

August 31, 2004, the disclosure of which 18 incorporated by reference hercin.

1000210} Versions described above may be designed to be disposed of after a single use, or
they can be designed to be used multiple times. Versions may, in either or both cases, be
reconditioned for rcuse 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 picces, and subsequent reassembly.  In particular, some

versions of the device may be disassembled, and any number of the particular picces or
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parts of the device may be selectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassembled for subsequent wuse 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 varicty of technigques for disassembly,
cleaning/replacement, and reassembly.  Use of such techniques, and the resulting

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

{60621 By way of example only, versions described herein may be sterilized before
and/or after a procedure. In one sterilization techumique, the device is placed in a closed
and secaled container, such as a plastic or TYVEK bag. The container and device may
then be placed in a field of radiation that can penetrate the container, such as gamma
radiation, x-rays, or high-energy cloctrons. The radiation may kill bacteria on the device
and in the container. The sterilized device may then be stored in the sterile container for
later use. A deovice may also be sterilized using any other technique known in the art,

including but not limited to beta or gamma radiation, cthylene oxide, or steam.

1000212] Having shown and described various embodiments of the present invention,
further adaptations of the methods and systems described herein may be accomplished by
appropriate modifications by one of ordinary skill in the art without departing from the
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 imstance, 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
{c) an end effector located at a distal end of the shaft assembly, wherein the
end effector comprises:
{1} an wultrasonic blade, wherein the ultrasonic blade is configured to
vibrate at an ultrasonic frequency,
{11} a clamp arm, wherein the clamp arm is configured to move toward
and away from the ultrasonic blade, and
(i1}  a slecve, whercin the sleeve extends along at least part of the
length of an outer portion of the ultrasonic blade or the clamp arm,
wherein the sleeve is configured to prevent tissue from contacting
the portion of the ultrasonic blade or clamp arm covered by the

sleeve.

2. The apparatus of claim 1, wherein the slecve extends distally from the distal end

of the shaft assembly and covers at least a portion of the ultrasonie blade.

3. The apparatus of claim 1, wherein the sleeve comprises at least two layers,
wherein the at least two layers corapriscs a first layer and a second layer, wherein the first layer

is softer than the second layer, wherein the second layer is configured to stiffen the slecve.

4. The apparatus of claim 1, wherein the cnd cffector further includes s tissue
locating feature configured to provide visual indication of a proximal end of a tissue contact

region, wherein the tissue locating feature coroprises a stripe or a protrusion,
5. The apparatus of claim 1, wheren the sleeve comprises a flexible merober and a
stiffening member, wherein the stiffening member extends distally from the distal end of the

shaft assembly.
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6. The apparatus of claim 5, wherein the blade sleeve is overmolded around the
stiffening member.

7 The apparatus of claim 5, wherein the flexible member extends along the
ultrasonic blade to a first length, wherein the stiffening member extends along the flexible
member to a second length, wherein the first length ts greater than the second length such that

the stiffening member is shorter than the flexible member.

5. The apparatus of claim 1, wherein the sleeve is configured to removably couple

with the distal end of the shaft assembly.

9. The apparatus of claim 1, wherein the sleeve distally terminates at a distal end,
wherein the ultrasonic blade distally torminates at a distal end, wherein the distal end of the
steeve is proximal in relation to the distal end of the ultrasonic blade such that a distal region of

the length of the ulirasonic blade is exposed relative to the sleeve.

10, The apparatus of claim 1, wherein the sleeve comprises a heat sensitive material,
wherein the heat sensitive material is configured to change its appearance in response to heat

accunmulating in the end effector.

I The apparatus of claim I, wherein the end effector comprises at least one
overmold feature, wherein the sleeve 18 overmolded onto the end effector over the at feast one

overmold feature.

12, The apparatus of claim 11, wherein the at least one overmold feature is defined by

a patr of recesses providing a portion of the end effector with an I-shaped cross-sectional profile.

3. The apparatus of claim 11, wherein the at east one overmold feature comprises a
profrusion extending outwardly from the uvltrasonic blade and longitudinally around the

perimeter of the ultrasonic blade.
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t4. The apparatus of claim 11, wherein the at east one overmold feature comprises a

plurality of protrusions spaced arcund the perimeter of a portion of the end effector.

15, The apparatus of claim 1, wherein the sleeve has a proximal end and a distal end,

wherein the sleeve is precurved to resiliently bias the distal end toward the ultrasonic blade.

f6. An apparatus comprising:

{(a) a body;

{b) a shaft assembly extending distally from the body, wherein the shaft
assembly comprises a translating member, wherein the translating meomber
is operable to translate longitudinally relative to the body between a first
and second position; and

{c} an end cffector located at a distal ond of the shaft assembly, wherein the
end effector comprises:

{1} an ultrasonic blade, wherein the ultrasonic blade is configured to
vibrate at an ultrasonic frequency,

(it} g clamp arm coupled with the translating member, wherein the
clamp arm is configured to move toward the ultrasonic blade in
response to movement of the translating member form the first
position to the second position, and

(11}  a resilient sleeve extending along at least part of the length of the
ultrasonic blade, wherein the resilient sleeve s configured fo

deflect away from the ultrasonic blade.

17. The apparatus of claim 16, whercin the resilient sleeve 1s resiliently biased toward
the ultrasonic blade, whercin the clamp arm 1s configured to drive a portion of the resilient sleeve

away from the ultrasonic blade as the clamp arm is driven toward the ultrasonic blade.

18.  The apparatus of claim 16, wherein the resilient sleeve is resiliently biased away

from the ultrasonic blade, wherein the shaft assembly is configared to drive a portion of the
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resilient sleeve toward the ultrasonic blade ag the clamp arm is driven away from the ultrasonic

blade.

9. An apparatus comprising:
{a) a body;
{b) a shaft assembly extending distally from the body;
(¢} an end effector focated at a distal end of the shaft assembly, wherein the
end effector comprises:
(i) an ultrasonic blade, wherein the ultrasonic blade is configured to
vibrate at an ultrasonic frequency, and
(i1) a clamp arm coupled with the translating member, wherein the
clamp arm compriscs a clamp pad having a proximal ond, wherein
the clamp arm is configured to drive the clamp pad toward the
uktrasonic blade; and
(d} a flexible tissue stop feature located at a proximal end of the end effector,
wherein the tissue stop feature is configured to prevent passage of tissue
beyond the proximal end of the clamp pad.
20, The apparatus of claim 19, wherein the flexible tissue stop feature comprises an
extensible or compressible material extending between the ultrasonic blade and the clamp arm,
wherein the flexible tissue stop is configured to stretch as the clamp arm s driven away from the

ultrasonic blade or corpress as the clamp arm is driven toward the ultrasonic blade.
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