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ULTRASONIC SURGICAL INSTRUMENT WITH BLADE REPLACEMENT FEATURES
BACKGROUND
{0001] A variety of surgical mstruments include an end effector having a blade element

that vibrates at ultrasonic frequencies to cut and/or seal tissue {e.g., by denaturing
proteins in tissue cells). These instruments include one or more piezoelectric elements
that convert electrical power into ultrasonic vibrations, which are communicated along an
acoustic waveguide to the blade element. The precision of cutting and coagulation may
be controlled by the operator’s technique and adjusting the power level, blade edge angle,

tissue traction, and blade pressure.

[0002] Examples of ultrasonmc surgical instruments include the HARMONIC ACE®
Ultrasoric 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 in US. Pat. No. 5,322,053, entitled “Clamp
Coagulator/Cutting System for Ultrasonic Surgical Instruments,” issued June 21, 1994,
the disclosure of which is incorporated by reference herein; U.S. Pat. No. 5,873,873,
entitled “Ultrasomic Clamp Coagulator Apparatus Having Improved Clamp Mechanism,”
tssued February 23, 1999, the disclosure of which is incorporated by reference herein;
UK. Pat No. 5980,510, entitled “Ultrasonic Clamp Coagulator Apparatus Having
Improved Clamp Arm Pivot Mount,” 1ssued November 9, 1999, the disclosure of which
is incorporated by reference herein, U8, Pat No. 6,283,981, entitled “Method of
Balancing Asymmetric Ultrasonic Surgical Blades,” issued September 4, 2001, the
disclosure of which 1s incorporated by reference herein; U.S. Pat. No. 6,309,400, entitled
“Curved Ultrasonic Blade having a Trapezoidal Cross Section,” 1ssued October 30, 2001,
the disclosure of which is incorporated by reference herein; U.S. Pat. No. 6,325,811,
entitled “Blades with Functional Balance Asymmetries for use with Ultrasonic Surgical
Instruments,” issued December 4, 2001, the disclosure of which is incorporated by

reference herein; US. Pat. No. 6,423,082, entitled “Ultrasonic Surgical Blade with

1-
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Improved Cutting and Coagulation Features,” issued July 23, 2002, the disclosure of
which 1s incorporated by reference herein; U.S. Pat. No. 6,773,444, entitled “Blades with
Functional Balance Asymmetries for Use with Ultrasonic Surgical Instruments,” issued
August 10, 2004, the disclosure of which is incorporated by reference herem; U.S. Pat.
No. 6,783,524, entitled “Robotic Surgical Tool with Ultrasound Cauterizing and Cutting
Instrument,” 1ssued August 31, 2004, the disclosure of which 1s incorporated by reference
herein; US. Pat No. 8,057,498, entitled “Ultrasonic Surgical Instrument Blades,” issued
November 15, 2011, the disclosure of which 1s imcorporated by reference herein; US.
Pat. No. 8,461,744, entitled “Rotating Transducer Mount for Ultrasomic Surgical
Instruments,” 1ssued June 11, 2013, the disclosure of which 1s incorporated by reference
herein; U.S. Pat. No. 8,591,536, entitled “Ultrasonic Surgical Instrument Blades,” issued
November 26, 2013, the disclosure of which is incorporated by reference herein; and U.S.
Pat. No. 8,623,027, entitled “Ergonomic Surgical Instruments,” issued January 7, 2014,

the disclosure of which is mcorporated by reference herein.

{0083} Still further examples of ultrasonic surgical instruments are disclosed m U1.S. Pub.
No. 2006/0079874, entitled “Tissue Pad for Use with an Ultrasonic Surgical Instrument,”
published April 13, 2006, the disclosure of which is incorporated by reference herein;
U.S. Pub. 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. Pub. No. 2007/0282333, entitled “Ultrasonic Waveguide and Blade,” published
December 6, 2007, the disclosure of which 1s incorporated by reference herein; U.S. Pub.
No. 2008/0200940, entitled “Ultrasonic Device for Cutting and Coagulating,” published
August 21, 2008, the disclosure of which 1s incorporated by reference herein; U.S. Pub.
No. 2008/0234710, entitled “Ultrasonic Surgical Instruments,” published September 25,
2008, the disclosure of which is wncorporated by reference herein; and U.S. Pub. No.
2010/0069940, entitled “Ultrasonic Device for Fingertip Control,” published March 18,

2010, the disclosure of which is incorporated by reference herein.

[0004] Some uvltrasonic surgical instruments may include a cordless transducer such as
that disclosed i U.S. Pub. No. 2012/0112687, entitled “Recharge System for Medical

Devices,” published May 10, 2012, the disclosure of which is incorporated by reference

3]
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herein; US. Pub. No. 2012/01162635, entitled “Surgical Instrument with Charging
Devices,” published May 10, 2012, the disclosure of which 1s incorporated by reference
heremn; and/or U.S. Pat. App. No. 61/410,603, filed November 5, 2010, entitled “Energy-

Based Surgical Instruments,” the disclosure of which s incorporated by reference heren.

{0065] Additionally, some ultrasonte surgical mstruments may include an articulating
shaft section. Examples of such ultrasonic surgical instruments are disclosed in UK. Pub.
No. 2014/0005701, published Januvary 2, 2014, entitled “Surgical Instruments with
Articulating Shafts,” the disclosure of which 1s incorporated by reference herein; and
U8, Pub. No. 2014/0114334, published April 24, 2014, entitfed “Flexible Harmonic
Waveguides/Blades for Surgical Instruments,” the disclosure of which 1s incorporated by

reference heremn.

{0006] While several surgical mstruments and systems have been made and used, it 1s
believed that no one prior to the inventors has made or used the invention described n the

appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

{0667} While the specification concludes with claims which particularly pont out and
distinctly claim this technology, 1t 1s believed this technology will be better understood
from the following description of certain examples taken in conmjunction with the
accompanying drawings, i which like reference numerals identify the same elements and

in which:

{6008] FIG. 1 depicts a side elevational view of an exemplary usltrasonic surgical

mstrument;
{0609] FIG. 2 depicts a perspective view of the mstrument of FIG. 1;

{60010} FIG. 3 depicts a perspective view of the mstrument of FIG. 1, with a disposable

portion separated from a reusable portion;

{60611} FIG. 4 depicts a perspective view of an end effector of the mstrument of FIG. 1,

n an open configuration,;
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{00012} FIG. 5 depicts a partially exploded view of the end effector of FIG 4;

{00013} FIG. 6A depicts a side elevational view of the end effector of FIG. 4, in the open
configuration;

[66014] FIG. 6B depicts a side elevational view of the end effector of FIG. 4, i a closed
configuration;

[00015] FIG. 7 depicts a side cross-sectional view of the end effector of FIG. 4, in the

open configuration;

{00016} FIG. 8A depicts a perspective view of an alternative end effector and an
alternative shaft assembly that may be readily mcorporated into the instrument of FIG. 1,

where the end effector 1s in the open position;

{00017} FIG. 8B depicts a perspective view of the end effector and shaft assembly of FIG.

8A, where the end effector 1s in the closed position;

{00018} FIG. 9 depicts an exploded perspective view of the end effector and shaft
assembly of FIG. 8A;

{00019] FIG. 10A depicts front cross-sectional view of the end effector of FIG. 8A, where

the clamp arm is detached from the inner and outer tube of the shaft assembly;

{00020} FIG. 10B depicts a front cross-sectional view of the end effector of FIG. 8A,
where the clamp arm is detached from the inner and outer tube of the shaft assembly,

where the distal prongs of the inner tube are pressed toward each other;

{00021} FIG. 10C depicts a front cross-sectional view of the end effector of FIG. 8A,
where the clamp arm is attached to the inner and outer tube of the shaft assembly, where

the distal prongs of the mner tube are pressed toward each other;

{00022} FIG 10D depicts a front cross-sectional view of the end effector of FIG. 8A,
where the clamp arm is attached to the inner and outer tube of the shaft assembly, where

the distal prongs of the mner tube engage the integral pins of the clamp arm;

{00023} FIG. 10E depicts a front cross-sectional view of the end effector of FIG. 8A

-4-
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completely assembled;

{80024 FIG. 11A depicts a perspective view of an another alternative end effector and an
another alternative shaft assembly that may be readily incorporated into the mstrument of

FIG. 1, where the end effector 15 in the open position;

[00025] FIG. 11B depicts a perspective view of the end effector and shaft assembly of

FIG. 11 A, where the end effector 15 1o the closed position;

[00026] FIG. 12A depicts a top elevational view of the end effector and shaft assembly of

FIG 11A, where the clamp arm s detached from the inner and outer tube;

{80027} FIG. 12B depicts a top elevational view of the end effector and shaft assembly of
FIG. 11A, where the clamp arm 15 detached from the inner and outer tube, where the

distal prongs of the mner tube are pressed toward each other;

{00028] FIG. 12C depicts a top elevational view of the end effector and shaft assembly of
FIG. 11A, where the clarp arm 15 in the open position and attached to the inner and outer

tube, where the distal prongs of the inner tube are pressed toward each other;

{00029} FIG. 12D depicts a top elevational view of the end effector and shaft assembly of
FIG. 11A, where the clarp arm 15 in the open position and attached to the inner and outer

tube, where the distal prongs of the inner tube engage the integral pins of the clamp arm;

{00038} FIG. 12E depicts a top elevational view of the end effector and shaft assembly of
FIG. 11 A, where the clamp arm is in the closed position and attached to the inner and

outer tube;

{00031} FIG 13A depicts a perspective view of another alternative end effector and
alternative shaft assembly that may be readily incorporated into the mstrument of FIG. 1,

where the end effector 1s in the open position;

{00032} FIG. 13B depicts a perspective view of the end effector and shaft assembly of

FIG. 13A, where the end effector 15 1o the closed position;

[00033] FIG. 14A depicts a partial cross-sectional perspective view of the end effector and
shaft assembly of FIG. 13A, where the end effector 1s in the open position, where the

-5~
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removable clip 1s removed from the distal prongs of the inner tube;

[00034] FIG. 14B depicts a partial cross-sectional perspective view of the end effector and
shaft assembly of FIG. 13A, where the end effector 1s 10 the open position, where the

removable clip 15 partially inserted in between the distal prongs of the inner tube;

[00035] FIG. 14C depicts a partial cross-sectional perspective view of the end effector and
shaft assembly of FIG. 13A, where the end effector 1s 10 the open position, where the

removable clip 15 completely inserted in between the distal prongs of the inner tube;

{00036} FIG. 1SA depicts a side cross-sectional view of an alternative shaft assembly that
may be readily incorporated into the instrument of FIG. 1, where a spring loaded key lock

is i a closed position;

{00037} FIG. 15B depicts a sude cross-sectional view of the shaft assembly of FIG. 13A,

where the spring loaded key lock 1s in an open position;

[00038] FIG. 16A depicts a cross-sectional view of the shaft assembly of FIG. 15A, taken
along line 16A-16A of FIG. 15SA, where the spring loaded key lock s in the closed

position;

[00039] FIG. 16B depicts a cross-sectional view of the shaft assembly of FIG. 15A, taken
along line 16B-16B of FIG 15B, where the spring loaded key lock is in the open

position;

{00040} FIG. 17 depicts an exploded side view of another alternative shaft assembly that

may be readily incorporated into the instrument of FIG. 1.

{00041} FIG. 18A depicts a partial side cross-sectional view of the shaft assembly of FIG.

7, where the waveguide 13 1n a proximal position;

[006042] FIG. 18B depicts a partial side cross-sectional view of the shaft assembly of FIG.

17, where the waveguide 1s i a distal position;
b= ]

[00043) FIG. 18C depicts a partial side cross-sectional view of the shaft assembly of FIG.
17, where the wavegwide 1s in the distal posttion and locked relative to the rotation

assembly;
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[00044] FIG. 19 depicts a side cross-sectional view of an alternative waveguide with a
clocking pin and an alternative disposable body that may be readily incorporated into the

wnstrument of FIG. 1;

[00045] FIG. 20 depicts a top plan view of the waveguide of FIG. 19;

{00046} FIG. 21 depicts a side elevational view of the waveguide of FIG. 19;

{00047} FIG. 22 depicts a perspective view of the clocking pin of FIG. 19;

{00048} FIG. 23 depicts a top plan view of the waveguide and clocking pin of FIG. 19;

{00049} FIG. 24 depicts a side elevational view of the waveguide and clocking pin of FIG.
19;

{00050] FIG. 25A depicts a cross-sectional side view of the waveguide and clocking pin of

FIG. 19 being mitially inserted into a threaded shroud of the disposable assembly of FIG.

19;

>

{00051} FIG. 25B depicts a cross-sectional side view of the waveguide and clocking pin of
FIG. 19 being further rotated into the threaded shroud of the disposable assembly of FI1G.
19;

>

{00052] FIG. 25C depicts a cross-sectional side view of the waveguide and clocking pin of

FIG. 19 being locked into the threaded shroud of the disposable assembly of FIG. 19;

{00053} FIG. 26A depicts a cross-sectional view, taken along line 26A-26A of FIG. 25A,
of the waveguide and clocking pin of FIG. 19 being initially inserted into the threaded

shroud of disposable assembly of F1G. 19

{00054 FIG. 26B depicts a cross-sectional view, taken along line 26B-26B of FIG. 25B,
of the waveguide and clocking pin of FIG. 19 being initially inserted into the threaded

shroud of disposable assembly of F1G. 19

{00055] FIG. 26C depicts a cross-sectional view, taken along line 26C-26C of FIG. 25C,
of the waveguide and clocking pin of FIG 19 being locked into the threaded shroud of

the disposable assembly of FIG. 19;

~J
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{00056] FIG. 27A depicts a side cross-sectional view of another alternative shaft assembly
and disposable assembly that may be readily incorporated mnto the instrument of FIG. 1;

and

{80057] FIT 27B depicts a side cross-sectional view of the shaft assembly of disposable
assembly of FIG. 27A, where the acoustic waveguide s removed from the rest of the

shaft assembly but remains tethered.

{00038} The drawings are not intended to be limiting 1n any way, and it 15 contemplated
that various embodiments of the technology may be carried out 1n a variety of other ways,
mcluding those not necessanly depicted 1n the drawings. The accompanying drawings
meorporated i and formung a part of the specification illustrate several aspects of the
present technology, and together with the description serve to explain the principles of
the technology; it being understood, however, that this technology 1s not hnuted to the

precise arrangements shown,
DETAILED DESCRIPTION

{B0039] The following description of certain examples of the technology should not be
used to limit its scope. Other examples, features, aspects, embodiments, and advantages
of the technology will become apparent to those skilled in the art from the following
description, which 1s by way of illustration, one of the best modes contemplated for
carrying out the technology. As will be realized, the technology described herein 1s
capable of other different and obvious aspects, all without departing from the technology.
Accordingly, the drawings and descriptions should be regarded as illustrative in nature

and not restrictive.

{60060] It 13 further understood that any one or more of the teachings, expressions,
embodiments, examples, etc. described herein may be combined with any one or more of
the other teachings, expressions, embodiments, examples, etc. that are described herein.
The following-described teachings, expressions, embodiments, examples, etc. should
therefore not be viewed in isolation relative to each other. Various suitable ways in
which the teachings herein may be combined will be readily apparent to those of ordinary

skill in the art in view of the teachings herem. Such modifications and variations are

8-
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mtended to be mcluded within the scope of the claims.

{00061} For clarty of disclosure, the terms “proximal” and “distal” are defined heren
relative to a human or robotic operator of the surgical instrument. The term “proximal”
refers the position of an element closer to the human or robotic operator of the surgical
mstrument and further away from the surgical end effector of the surgical instrament.
The term “distal” refers to the posttion of an element closer to the surgical end effector of
the surgical mstrument and further away from the human or robotic operator of the

surgical mstrument.

{80062} L Overview of Exemplary Ultrasonic Surgical Instrument
[00063] FIGS. 1-3 show an exemplary ultrasomic surgical mstrument (10) that is

configured to be used m minumally invasive surgical procedures {e.g., via a trocar or
other small diameter access port, etc.). As will be described i greater detail below,
mstrument {10) 1s operable to cut tissue and seal or weld tissue {e.g., a blood vessel, etc.}
substantially simultaneously.  Instrument {10) of this example comprises a disposable
assembly {(100) and a reusable assembly (200). The distal portion of reusable assembly
{200) 13 configured to removably receive the proximal portion of disposable assembly

{100}, as seen in FIGS. 2-3, to form wnstrument (10).

[00064] In an exemplary use, assemblies (100, 200) are coupled together to form
mstrument {10} before a surgical procedure, the assembled mstrument (10) 15 used to
perform the surgical procedure, and then assemblies (100, 200} are decoupled from each
other for further processing. In some instances, after the surgical procedure 1s complete,
disposable assembly (100} 1s immediately disposed of while reusable assembly (200} 1s
sterilized and otherwise processed for re-use. By way of example only, reusable
assembly (200} may be sterilized in a conventional relatively low temperature, relatively
low pressure, hydrogen peroxide stertlization process. Alternatively, reusable assembly
200) may be sterilized using any other suitable systems and techniques {&.g., autoclave,
etc.). In some versions, reusable assembly (200) may be sterilized and reused
approximately 100 times. Alternatively, reusable assembly (200} may be subject to any

other suitable life cycle. For instance, reusable assembly (200} may be disposed of after

.



WO 2017/112467 PCT/US2016/066451

a single use, if desired. While disposable assembly {100} is referred to herein as being
“disposable,” it should be understood that, i some mstances, disposable assembly (100)
may also be sterilized and otherwise processed for re-use. By way of example only,
disposable assembly (100} may be sterilized and reused approximately 2-30 times, using
any suitable systems and techniques. Alternatively, disposable assembly (100} may be

subject to any other suntable life cycle.

[{B0065] Disposable assembly (100} of the present example comprises a body portion
{110), a shaft assembly {150) extending distally from body portion (110}, and an end
effector (180} located at the distal end of shaft asserably (150). As best seen m FIGS. 4-
7, end effector (180} of this example comprises a clamp arm (182) and an ultrasonic
blade (190}, Clamp arm (182) mncludes a clamp pad {184), which faces blade (190). As
shown m FIGS. 6A-6B, clamp arm (182) 1s pivotable toward and away from blade (190)
to selectively compress tissue between clamp pad (184) and blade (190). As seen in FIG.
7, blade (190} 1s an integral feature of the distal end of an acoustic wavegwde (192},
which extends coaxially through tubes (152, 170}, and which is configured to

communicate ultrasonic vibrations to blade (190}

{066066] Shaft assembly (150} comprises an outer tube (152) and an inner tube (170).
Cuter tube (152} is operable to translate longitudinally relative to inner tube {170} to
selectively pivot clamp arm (182) toward and away from blade (190). To accomplish
this, and as best seen n FIGS. 5 and 7, integral pin features (186) of clamp arm (182)
pivotally secure a first portion of clamp arm (182) to a distally projecting tongue (154) of
outer tube (152); while an inserted pin (188) pivotally secures a second portion of clamp
arm (182) to a distally projecting tongue (172) of inner tube {170). Thus, as can be seen
in the transition from FIG. 6A to FIG. 6B, tubes (152, 170) cooperate to pivot clamp arm
(182) toward blade {190} when outer tube (152} is retracted proximally relative to inner
tube (170). It should be understood that clamp arm (182} may be pivoted back away
from blade (190} (e.g., from the position shown in FIG. 6B to the position shown n FIG.
6A) by translating outer tube (152} distally relative to inner tube (170), in reverse of the
operation shown in FIGS. 6A-6B. In an exemplary use, clamp arm (182) may be pivoted

toward blade (190) to grasp, compress, seal, and sever tissue captured between clamp pad

-10-
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{(184) and blade (190). Clamp arm (182) may be pivoted away from blade (190} to
release tissue from between clamp pad {184) and blade {(190); and/or to perform blunt
dissection of tissue engaging opposing outer surfaces of clamp arm (182) and blade
{190). In some alternative versions, 1nner tube (170} 15 translated and outer tube (152)

remains stationary to provide actuation of clamp arm (182}

{060067] Reusable assembly (200} includes a pistol grip (204} in this example, though it
should be understood that any other suitable kind of grip may be used. A trigger (120} of
reusable assembly (200} 1s configured to pivot toward and away from pistol grip (204) to
thereby translate outer tube (152}, to thereby pivot clamp arm {182). Buttons {126, 220)
of reusable assembly (200} are operable to activate blade (190} to cause blade {(190) to
vibrate at ultrasonic frequencies. In some versions, at least one button (126, 220) 15 also
operable to activate end effector (180) to deliver RF electrosurgical energy to tissue.
Reusable assembly (200) also includes a battery (not shown), a generator {not shown), an
ultrasonic transducer assembly {not shown), and a torque wrench assembly {not shown).
The battery (not shown} is operable to provide electrical power to the generator (not
shown); the generator {not shown} is operable to provide electrical power to the
ultrasonic transducer assembly {not shown), the ultrasonic transducer assembly is
operable to convert electrical power into ultrasonic vibrations; and the torque wrench
assembly {not shown) is operable to mechanically and acoustically couple waveguide
{192} with the ultrasonic transducer assembly {(not shown). All of these components and
operabilities may be provided in accordance with at least some of the teachings of U.S.
Patent App. No. 14/868,574, entitled “Ultrasonic Surgical Instrument with Removable
Handle Assembly,” filed September 29, 2015, the disclosure of which is mcorporated by

reference herein.

{00068] When waveguide (192} 1s sufficiently coupled with the transducer assembly (not
shown}, ultrasonic vibrations that are generated by the transducer assembly (not shown)
are communicated along waveguide (192) to reach blade (190). In the present example,
the distal end of blade (190) 1s located at a position corresponding to an anti-node
associated with resonant ultrasonic vibrations communicated through waveguide (192}, in

order 1o tune the acoustic assembly to a preferred resonant frequency f, when the acoustic

-11-
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assembly 1s not loaded by tissue. When the transducer assembly (vot shown) 13
energized, the distal end of blade (190) 15 configured to move longitudimally n the range
of, for example, approximately 10 to 500 mucrons peak-to-peak, and n some mstances in
the range of about 20 to about 200 microns at a predetermined vibratory frequency £, of,
for example, 555 kHz. When the transducer assembly {(not shown) of the present
example 13 activated, these mechanical oscillations are transmitted through waveguide
{192} to reach blade (190}, thereby providing oscillation of blade (190} at the resonant
altrasonic frequency. Thus, when tissue 1s secured between blade (190} and clamp pad
(184}, the ultrasonic oscillation of blade (190) may simultanecusly sever the tissue and
denature the proteins in adjacent tissue cells, thereby providing a coagulative effect with
relatively little thermal spread. In some versions, an electrical current may also be

provided through blade {190) and/or clamp pad (184) to also seal the tissue.

{00069} Other aspects of disposable assembly (100} and reusable assembly (200} may be
provided in accordance with at least some of the teachings of UK. Patent App. No.
14/868,574 and/or any of the other references that are cited hergin. Further exemplary
features and operabilities for disposable assembly (100} and reusable assembly (200) will
be described in greater detail below, while other variations will be apparent to those of

ordinary skill in the art in view of the teachings herein.
{60070} IL Exemplary Alternative Clamp Arm Attachment Features

{66071} Some operators may use blade {190) to perform back-cutting operations, where
the underside of blade (190) is pressed against tissue to sever the tssue without using
clamp arm {182) to compress the tissue. The resulting lateral forces on blade {190} may
cause blade {190} and/or waveguide (192} to deflect slightly laterally. This may present a
risk of blade (190} contacting pin (188), which may be undesirable. It may therefore be
desirable to reconfigure end effector (180} such that pin (188} 1s not laterally adjacent to
blade (190}, In addition to reducing metal-to-metal contact risks associated with back-
cutting, reconfiguring pin {(188) may also facilitate longitudinal translation of blade (190)
and waveguide (192) relative to the rest of shaft assembly (150) and end effector (180},

such as when an operator wishes to clean or replace blade (190} and waveguide (192).
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{00072} Those of ordmmary skill in the art will also recognize that a clamp pad (184) may
tend to wear after use, such that it may be desirable to replace clamp pad (184). To
accomplish this, it may be beneficial to remove clamp arm (182} from tubes (152, 170).
In the configuration of end effector (180), some operators may have difficulty removing
pin {188) in order to enable removal of clamp arm {182) from tubes (152, 170). It may
therefore be desirable to reconfigure end effector {180) to make it easier to remove clamp

arm (182} from tubes (152, 170}, such as by modifying the configuration of pin (188},

{60073 The examples below relate to vartous alternative configurations that may be
meorporated nto end effector {180). At least some of these alternative configurations
may reduce metal-to-metal contact nisks associated with back-cutting, facilitate
longitudinal translation of blade (190} and waveguide (192) relative to the rest of shaft
assembly (150} and end effector (180}, and/or facilitate removal of clamp arm (182} from
tubes (152, 1703 In addition or in the alternative, the below described alternative
configurations may provide other benefits. It should be understood that the following

examples are merely illustrative.
{60074} A. Permanent Retention Clip

{00075} FIGS. BA-9 show an alternative shaft assembly (250} and alternative end effector
(280} that may be readily incorporated into instrument (10} described above in place of
shaft assembly {150} end effector (180). End effector (280) includes a clamp arm (282)
and a clamp pad (284) that are substantially simular to clamp arm (182) and clamp pad
{184) described above, with differences described 1n detail below. As best seen in FIG.
9, shaft assembly (250) includes an outer tube (252), an inner tube (270}, and an acoustic
waveguide (292} extending through both outer tube (252} and inner tube (270}, Outer
tube {252}, inner tube (270), and acoustic waveguide (292) are substantially sunilar to
outer tube (152), inner tube (170}, and acoustic waveguide (192} mentioned above,

respectively, with differences described below.

{00076} As best seen i FIGS. 8A-8B, outer tube (252) is operable to translate
longitudinally relative to inner tube (270} to selectively pivot clamp arm (282) toward

and away from blade (290). To accomplish this, and as best seen in FIG. 9, mtegral pin
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features (286) of clamp arm (282}, which are substantially similar to integral pin features
(186} mentioned above, pivotally secure a first portion of clamp arm {282) to pin slot
(256} of a distally projecting tongue (254} of outer tube (252); while integral pin features
(288} pivotally secure a second portion of clamp arm (282} to angled distal prongs (272}
of inner tabe {(270) via pin holes (276). It should be understood that integral pin features
(286) may vertically translate within pin slot (256}, Therefore, longitudinal translation of
outer tube {252) rotates the first portion of clamp arm (282) about the second portion of
clamp arm (282). Thus, as can be seen m the transition from FIG. 8A to FIG. 8B, tubes
(252, 270} cooperate to pivot clamp arm (282} toward blade (290} when cuter tube (252)
is retracted proximally relative to inner tube (270). It should be understood that clamp
arm {282} may be pivoted back away from blade {290} (e.g., from the position shown in
FI(3. 8B to the position shown in FIG BA) by translating outer tube (252) distally relative
to inner tube (270}, in reverse of the operation shown in FIGS. 8A-8B. In an exemplary
use, clamp arm (282) may be pivoted toward blade (290) to grasp, compress, seal, and
sever tissue captured between clamp pad (282) and blade {290). Clamp arm (282) may
be pivoted away from blade (290} to release tissue from between clamp pad (282) and
blade (290}); and/or to perform blunt dissection of tissue engaging opposing outer surface

of clamp arm (282} and blade (290}

{00077} While inner tube (170} includes distally projecting tongue (172), inner tube
(270} of the present example includes a pair of angled distal prongs (272) defining a
longitudinal channel (274). Angled distal prongs {272) each have a flat surface (278)
extending from prongs (272).  Together, each angled distal prong (272) and
corresponding flat surface (278) define a pin hole (276). As will be described 1n greater
detail below, pin holes (276) are dimensioned to receive integral pins (288} of clamp arm
(282). As also seen in FIG 9, end effector (280) turther includes a cap (260). Cap (260}
mcludes a spacer {262) and a pair of flanges (264). Spacer {(262) 1s dimensioned with fit
within longitudinal channel (274) while flanges (264) are dimensioned to rest on top of
angled distal prongs (272). As will be described in further detail below, cap (260) is
configured to fix integral pins (288} within pin holes (276} once clamp arm (282) 1s

assembled to mner tube (270).
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{00078} FIGS. 10A-10E show an exemplary assembly of clamp arm (282) and inner tube
(270). As best seen 1n FIG. 10A, clamp arm (282} 15 placed over angled distal prongs
{272} such that integral pins (288} are laterally aligned with angled distal prongs (272). It
should be understood that inner tube {270) 1s made out of a resilient material, such that
angled distal prongs (272} may flex relative to one another withun longitudinal channet
274). Therefore, as seen in FIG. 10B, a user may pinch angled distal prongs (272) or
flats (278) together, such that angled distal prongs (272} flex toward each other within
longitudinal channel (274). Integral pins (288) and angled distal prongs (272) are then no
longer laterally aligned, but both angled distal prongs (272) are laterally between integral

pins (288},

{00079] With angled distal prongs (272} deflected 1nwardly, and as seen 11 FIG. 10C, the
operator may place clamp arm (282) over mner tube (270} such that integral pins (288)
slide past angled distal prongs (272} within pin holes (276). Integral pins (288) abut
against flats (278). At this stage, mntegral pins {288) are within pin holes (276}, As seen
in FIG. 10D, the operator may now release angled distal prongs (272} and/or flats (278).
Drue to the restlient nature of angled distal prongs (272) and flats (278}, both angled distal
prongs (272} and flats (278) return to their natural position, as shown in FIG 10D
Additionally, integral pins (288) abut against both angled distal prongs (272) and flats

(278). Integral pins (288} are now fixed within pin holes (276) at this stage.

{00030} With integral pins {288) located in pin holes (276), and as shown in FIG. 10E, cap
(260} 1s then placed on top of mner tube (270) such that spacer (262} hes within
longitudinal channel (274) while abutting against both angled distal prongs (272).
Additionally, flanges (264) rest on top angled distal prongs (272). With cap (260} in
place, angled distal prongs (272) and/or flats {278) are no longer capable of deflecting
mwardly toward one another within longitudinal channel {274) to release integral pins
(288) from pin holes (276). At this point, cap (260} may be welded to angled distal
prongs {272) to fix cap (260} to inner tube {270), and therefore fix clamp arm (282) to
inner tube (270} Of course, any other suitable method of fixing cap (260) to angled
distal prongs (272) may be used as would be apparent to one having ordinary skill in the

art in view of the teachings herein. It should be understood that integral pins {288) do not
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extend laterally across the width of inner tube (270). Additionally, integral pins (288} are
dimensioned to not extend across the lateral width of blade (290). Therefore, the chances

of blade (290} making contact with integral pins {288) are reduced or elimated.

{00081} While an operator flexes angled distal prongs (272) and/or flats (278) toward one
another as a separate step of the process in the present example, it should be understood
that this 1s merely optional. In some alternative versions, the operator may force integral
pins (288} on top of angled distal prongs (272}, and contact between integral pins (288)
and angled distal prongs (272} may provide a camming action that flexes distal prongs
(272} and flats (278} toward each other. In some such versions, integral pins {288) may
have angled surfaces that cooperate with angled distal prongs (272} to further promote
this camming action. Other ways that angled distal prongs (273) and flats (278) may flex
toward each other to create the appropriate gap for insertion of integral pins (288) into
pin holes {276} will be apparent to one having ordinary skill in the art in view of the

teachings hergin.
{00082} B. Permanent Retention Tab

{G00G83] FIGS. 11A-11B show another alternative shaft assembly (350) and alternative end
effector (380} that may be readily incorporated into instrument (10) described above in
place of shaft assembly (150} end effector {(180). End effector (380} includes a clamp
arm (382} and clamp pad (384) that are substantially similar to clamp arm {(182) and
clamp pad {184) described above, with difference described in detail below. Shaft
assembly (350} includes an outer tube (352}, an inner tube (370}, and an acoustic
waveguide (392) extending through both outer tube {352) and inner tube {370). Outer
tube (252}, inner tube (270}, and acoustic waveguide (292} are substantially similar to
outer tube (152), 1nner tube (170), and acoustic waveguide (192) mentioned above,

respectively, with differences described below.

{00084} As best seen in FIGS. 11A-11B, outer tube (352) 1s operable to translate
longitudinally relative to inner tube (370} to selectively pivot clamp arm (382) toward
and away from blade (390). To accomplish this, integral pin features (386) of clamp arm

(382), which are substantially similar to integral pin features (186) mentioned above,
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pivotally secure a first portion of clamp arm (382) to pin slot (356) of a distally projecting
tongue {354) of outer tube (352}, while integral pin features (388} pivotally secure a
second portion of clarp arm (382) to angled distal prongs (372) of 1nner tube (370) via
pin holes (3763 It should be understood that integral pin features (386) may vertically
translate within pin slot (356). Therefore, longttudinal translation of outer tube (352)
rotates the first portion of clamp arm (382) about the second portion of clamp arm (382).
Thus, as can be seen in the transition from FIG. 11A to FIG. 11B, tubes (352, 370)
cooperate to pivot clamp arm (382) toward blade {390} when outer tube (352} is retracted
proximally relative to inner tube (370). It should be understood that clamp arm (382)
may be pivoted back away from blade (390} {e.g., from the position shown in FIG. 11B
to the position shown in FIG 11A) by translating outer tube (352} distally relative to inner
tube (370}, in reverse of the operation shown in FIGS. 11A-11B. In an exemplary use,
clamp arm {382) may be pivoted toward blade (390} to grasp, compress, seal, and sever
tissue captured between clamp pad (382) and blade (390). Clamp arm {382} may be
pivoted away from blade (390) to release tissue from between clamp pad (382} and blade
(390}, and/or to perform blunt dissection of tissue engaging opposing outer surface of

clamp arm (382} and blade {390).

{00085] While inner tube (170} includes distally projecting tongue (172), inner tube
(370) of the present example includes a pair of angled distal prongs (372) defining a
longitudinal channel (374). Angled distal prongs (372} each have a flat surface (378)
extending from prongs (372).  Together, each angled distal prong (372) and
corresponding flat surface (378) define a pin hole (376). As will be described in greater
detat! below, pin holes (376) are dimensioned to receive integral pins (388) of clamp arm
(382). Asalsoseen in FIGS. 11A-12E, a tab (360) 1s integrally fixed on one angled distal
proug (372), and extends across longitudinal channel (375) above the other angled distal

prong (372).

{00086} FIGS. 12A-12E show an exemplary assembly of clamp arm (382} and inner tube
(370). FIG. 12A shows shaft assembly (350) and end effector (380) without clamp arm
(382) attached. Sirntlar to clamp armo (282) m FIG. 104, clamp arm (382) may be placed

over angled distal prongs (372) such that integral pins (388) are laterally aligned with
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angled distal prongs (372). It should be understood that mner tube (370) 1s made out of a
resilient matenal, such that angled distal prongs (372) may flex relative to one another
within longitudinal channel (374}, Therefore, as seen in FIG. 12B, an operator may pinch
angled distal prongs (372} or flats {378) together, such that angled distal prongs (372)
flex toward each other within longitudinal channel (374). As seen m FIG. 120, angled
distal prongs (372) are then spaced such that integral pins (388} may shde within pin
holes (376} and abut against the portion of pin holes {376) defined by flats (378). At this

stage, mtegral pins {388) are within pin holes (376).

{B0087] With integral pins (388) are within pin holes (376}, and as seen tn FIG. 12D, the
operator may now release angled distal prongs (372} and/or flats {378). Due to the
resilient nature of angled distal prongs (372) and flats (378), both angled distal prongs
(372} and flats (378} return to their natural position, as shown in FIG. 12D, Additionally,
integral pins (388} abut against both angled distal prongs (372) and flats {378). Integral
pins {388) are now fixed within pin holes (376} at this stage. With pins (388) fixed
within pin holes {376}, and as shown i FIG. 12E, the operator may fix or secure tab
(360} to the other angled distal prong (372} that tab (360} is not already integrally fixed
to. End (362) of tab (360) may be fixed to the other angled distal prong (372) through
welding or any other suitable method known to one having ordinary skill in the art in
view of the teachings herein. With tab (360) fixed to both angled distal prongs (372),
angled distal prongs (372} and/or flats (378) are no longer capable of deflecting inwardly
toward one another to release integral pins {388} from pin holes (376). It should be
understood that integral pins (388) do not extend laterally across the width of inner tube
(370). Additionally, integral pins (388) are dimensioned to not extend across the lateral
width of blade (390). Therefore, chances of blade (390) making contact with integral

pins (388} are reduced or eliminated.

{00088} While in the current example, a user flexes angled distal prongs (372) and/or flats
(378) towards one another in the present example, it should be understood that this is
merely optional. In some alternative versions, the operator may force integral pins (388)
on top of angled distal prongs (372}, and contact between integral pins (388) and angled

distal prongs {372) may provide a camming action that flexes angled distal prongs (372)
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and flats (378) toward each other. In some such versions, integral pins (388) may have
angled surfaces that cooperate with angled distal prongs (372) to further promote this
cammming action.  Other ways that angled distal prongs (373} and flats (378) may flex
toward each other to create the appropriate gap for msertion of ntegral pins (388} into
pin holes (376} will be apparent to one having ordinary skill in the art in view of the

teachings herein.
[006089] C. Removable Retention Cap

[00090] FIGS. 13A-14C show another alternative shaft assembly (450} and alternative end
effector (480) that may be readily incorporated into mstrument (10) described above n
place of shaft assembly {150} end effector (180). End effector (480} mncludes a clamp
arm {482} and clamp pad (484) that are substantially similar to clamp arm (282) and
clamp pad (284} described above, with difference described in detail below. As best seen
n FIG. 14A, shaft assembly (450) inclades an ocuter tube {452), an mner tube (470), and
an acoustic waveguide (492} extending through both outer tube (452} and mner tube
(470). Outer tube (452}, inner tube (470), and acoustic waveguide (492) are substantially
similar to outer tube (252}, inner tube (270), and acoustic waveguide {292) mentioned

above, respectively, with differences described below.

{66091} As best seen in FIGS. 13A-13B, outer tube (452) s operable to translate
longitudinally relative to inner tube (470} to selectively pivot clamp arm (482) toward
and away from blade (490). To accomplish this, integral pin features (486} of clamp arm
{482}, which are substantially smmilar to integral pin features (286} mentioned above,
pivotally secure a first portion of clamp arm {482) to pin slot (456) of a distally projecting
tongue {(454) of outer tube (452}, while integral pin features (488} pivotally secure a
second portion of clamp arm (482) to angled distal prongs (472) of inner tube (470} via
pin holes (476}, It should be understood that integral pin features (486) may vertically
translate within pin slot (456). Therefore, longitudinal translation of outer tube (452
rotates the first portion of clamp arm (482) about the second portion of clamp arm (482).
Thus, as can be seen in the transition from FIG. 13A to FIG 13B, tubes (452, 470)
cooperate to pivot clamp arm (482) toward blade {(490) when outer tube (452) 1s retracted

proximally relative to inner tube (470). It should be understood that clamp arm (482)
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may be pivoted back away from blade (490) (e.g., from the position shown in FIG. 13B
to the position shown in FIG 13A) by translating outer tube (452) distally relative to inner
tube (470}, in reverse of the operation shown mn FIGS. 13A-13B. In an exemplary use,
clamp arm {482) may be pivoted toward blade (490} to grasp, compress, seal, and sever
tissue captured between clamp pad (482 and blade (450). Clamp arm (482} may be
pivoted away from blade (490} to release tissue from between clamp pad {(482) and blade
{450}, and/or to perform blunt dissection of tissue engaging opposing outer surface of

clamp arm (482) and blade (490}

{00092] Simular to mmer tube {270), mner tube {(470) of the present example includes a
pair of angled distal prongs (472} defining a longitudimal channel (474). Angled distal
prongs (472) each have a flat surface (478) extending from prongs (472). Together, each
angled distal prong (472) and corresponding flat surface {478) define a pin hole (476).
Clamp arm (482} may be attached to mner tube (470) in substantially the same manner as
described above for coupling clamp arm (282} with mner tube {(270), with the difference
of inserting removable cap (460) as will be describe below. 1t should therefore be
understood that inner tube (470} 1s made out of a restlient material, such that angled distal
prongs {(472) may flex relative to one another within longitudinal channel (474). Pin
holes (476) are dimensioned to receive integral pins (488) of clamp arm (482) when
angled distal prongs (472) and flats (478} are flexed toward each other within
longitudinal channel (474). With integral pins (488) mnserted into pin holes (476), angled
distal prongs (472} and flats (478) may return to their natural position such that integral
pins {488) abut against portions of angled distal prongs {(472) and flats (478} defining pin
holes (476).

{00093} When pins (488} are disposed in corresponding pin holes (476}, and as best seen
i FIGS. 14A-14C, removable cap {460) may be inserted into longitudinal channel (474)
to prevent angled distal prongs (472) and/or flats (478) from deflecting inwardly toward
one another to release integral pins (488) from pin holes {476). Removable cap (460}
ncludes a spacer portion (462), a resilient portion {464) extending from spacer portion
(462), and a tab (466) extending from resilient portion (464). Additionally, longitudinal

channel (474} includes an access channel (473} and a locking channel (475). Access
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channel (473) is sized so an operator may nsert an object or thew finger within access
channel (473} to selectively remove removable cap (460) by sliding removable cap (460)
distally. Locking channel {475) 1s sized to recetve tab (466} when removable cap (460) 1s
fully nserted, thereby longitudinally focking removable cap (460) relative to mner tube

(470).

{60094] Spacer portion {462) defines a pair of longitudimal slots (468}, Longitudinal slots
(468} are sized to receive the inner edges of angled distal prongs (472} when removable
cap (460} 1s instalied. As best seen 1n FIGS. 14A-14B, the operator may vertically align
longitudinal slots {468} with the edges of angled distal prongs (472} so that longitudinal
slots (468) house the edges of angled distal prongs (472). Resilient member 1s capable of
bending, such that tab (466) may vertically move relative to spacer portion (462}, Thus,
as shown in FIG. 14B, when spacer portion {(468) initially engages angled distal prongs
{472), tab (466} may shde on top of longitudinal channel {474} and angled distal prongs

(472).

{B0095] As best seen in FIG. 140, when spacer portion (462) shdes a sufficient distance
proximally toward inner tube (470}, tab (4660} may fit within locking channel (475}, With
tab {466} no longer forced above longitudinal channel (464} through engagement with
angled distal prongs (472), the resilient nature of resilient portion (464) moves tab (466)
within focking channel {(475). Tab (466) s thereby vertically aligned with spacer portion
(462} at this stage. As described above, spacer portion (462} 1s located between angled
distal prongs {472) such that angled distal prongs (472} and/or flats (478} are no longer
capable of deflecting inwardly toward one another to release integral pins (488) from pin
holes (476). Additionally, tab (466} resting within locking channel (475} prevents
unintentional longitudinal movement of removable cap (460} relative to inner tube (470).
If an operator desires to remove removable cap (460} (e.g. to remove clamp arm (482)),
the operator may push tab (466) downwardly so tab (460) no longer engages locking
channel (475), then slide removable cap (460) in the distal direction. Alternatively, an
operator user may insert an object or their finger into access channel (473) 10 order to hift
tab {466} above locking channel (475), then shide removable cap (460) m the distal

direction.
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{00096} 1. Exemplary Locking and Location Features For a Removable Blade
{00397] In some wnstances, ultrasonic blade (190, 290, 390, 490) and waveguwide (192, 292,

392, 492) may be removable from the rest of shaft assembly (1350, 250, 350, 450} and end
effector (180, 280, 380, 480). This may enable cleaning and/or other processing of
altrasonic blade (190, 290, 390, 490) and waveguide {192, 292, 392, 492}, In such cases,
it may be desirable to have a locking and locating feature associated with instrument {10)
such that ultrasonic blade (190, 290, 390, 490} and wavegide (192, 292, 393, 492) are
ortented in the same angular posttion relative to shaft assembly {150, 250, 350, 450) and
end effector {180, 280, 380, 480} every time a user reassembles ultrasonic blade (190,
290, 390, 490} and waveguide (192, 292, 392, 492) within end effector {180, 280, 380,
480} and shaft assembly (150, 250, 350, 450). This consistency in the angular ortentation
of vltrasonic blade {190, 290, 390, 490) and waveguide (192, 292, 393, 492} may be
desirable in order to ensure that the proper region of ultrasonic blade (190, 290, 390, 490)
is facing clamp pad (184, 284, 384, 484). Having consistency in the angular origntation
of ultrasonic blade {190, 290, 390, 490) and waveguide (192, 292, 393, 492} may also be
particularly desirable in contexts where ultrasonic blade (190, 290, 390, 490} extends
along a curve, to ensure that the curve of a complimentarily curved clamp arm (182, 282,

382, 482} 1s aligned with the curve of ultrasonic blade (190, 290, 390, 490},

{66098} The following examples provide various features that may be used to provide
consistent angular orientation of ultrasonic blade {190, 290, 390, 490) as ultrasonic blade
(190, 290, 390, 490) and waveguide (192, 292, 393, 492) are inserted into shaft assembly
(150, 250, 350, 450). Further examples are described m U.S. Patent App. No.
14/868,574, entitled “Ultrasonic Surgical Instrument with Removable Handle Assembly.”
filed September 29, 20135, the disclosure of which is incorporated by reference herein. It
should be understood that the teachings below may be readily combined with any of the
teachings above, such that the examples below are not intended to be exclusive of the
examples above. It should also be understood that the teachings below may be readily
applied to other versions of wnstrument (10), not just the versions of instrument (10} that

are described herein.

{00099] A Spring Loaded Key Lock
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[BO0100] FIGS. 15A-15B show an alternative shaft assembly (550} and an alternative body
portion {510} that may be readily incorporated nto instrument (10} described above.
Shaft assembly (550} inchudes a rotation assembly {540} that 15 operable to rotate shaft
assembly (550) relative to body portion (510). Rotation assembly (540} mncludes a
rotation knob (542) unitarily attached to a sleeve (544) extending nto body portion {510},
Shaft assembly further inchudes an outer tube (552}, an inner tube (570), and a waveguide
(592) extending through mner tube (570} and outer tube (552}, Outer tube (552), nner
tube (570} and waveguide (592} are substantially similar to outer tube (152}, mner tube
(170}, and waveguide (192} described above, respectively, with differences described
below. As best seen in FIGS. 15A-15B, a portion of outer tube (552}, inner tube (570)

and waveguide {592} extend through rotation knob (542) and sleeve {544).

{600101] Body portion (510} also houses a spring loaded key lock assembly (520}, As will
be described in greater detail below, spring isaded key lock assembly (520} 15 capable of
selectively locking the longitudinal position of waveguide (592) relative to mner tube
{570). Additionally, as will be described in greater detail below, spring loaded key lock
assembly (520} 1s also capable of unlocking waveguide {592) relative to inner tube (570}
and outer tube (552}, such that waveguide (592) may be removed from body portion

(510} for cleaning or other reasons.

{660102] Spring loaded key lock (520} includes a handle {524) that is connected to a pair of
locking forks {522). Lock (520} further mmcludes a biasing member (526} that is fixed to
sleeve (544} of rotation assembly (540} and handle (524). Locking forks (522} extend
trom handle {(524) toward sleeve (544} As best seen in FIG. 15A, biasing member (526)
biases handle (524} toward sleeve (544). However, as best seen in FIG. 158, an operator
may pull handle (524) away from sleeve (544) to stretch biasing member (526).
However, as soon as a user releases handle (524), biasing member (526) will resiliently

actuate handle (525} toward sleeve (544).

000103 As can be seen in FIGS. 16A-16B, sleeve (544), outer tube (552}, and inner tube
(570} define a pair of key slots (528) that are dimensioned to receive locking forks (522).
Locking forks {522) may also actuate within key slots (528} Additionally, waveguide
(592) defines a pair of keyed flats {(594) and a pair of faces (595). Faces (593} are
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adjacent and perpendicular to keyed flats (594). As best seen in FIGS. 15A-15B, keyed
flats (594} are dimensioned with a substantially similar, it not exact, width of locking
forks (522). Therefore, when key lock assembly (520} engages waveguide (592}, faces
(595) prevent waveguide (592) from travehng 1o the longitudinal direction due to
mteraction of faces {595) and locking forks (5223 Additionally, as best seen in FIG
16A, locking forks (522} are spaced apart from one another so that each locking fork
(522) makes contact with 1ts respective keyed flat (594) when locking forks {522} are
located within keyed slots (528). Therefore, keved flats (594) prevent waveguide (592)
from lateral movement or rotating about its own longitudinal axis due to interaction of

keved flats (594) and locking forks (522},

{600104] Additionally, as best seen in FIG. 15B and FIG 168, an operator may pull handle
(524) away from sleeve {544) so that locking forks (522) travel along key slots (528).
Locking forks {522} may travel along key slots (528) until locking forks (522} no longer
make contact with faces (595} or keved flats (594). An operator may thus pull waveguide
{592} in the proximal direction until waveguide {592) 1s sufficiently removed from inner
tube (570} and outer tube (552). If the operator desires to place waveguide (592} back
into mner tube (570} and outer tube (552), the operator may pull handle (524) away from
sleeve (544), insert waveguide (592} into inner tube (570} and outer tube (552} until
locking forks (522) align with keyed flats (594), and then allow biasing member (526) to

force locking forks (522) within key slots (528).
[000105] B Inner and Outer Tube With Orientation Features

{B00106] FIGS. 17-18C show another alternative shaft assembly {650) that may be readily
mcorporated mto mstrument (10} described above.  Shaft assembly {650) includes an
ultrasonic waveguide (692}, an inner tube (670), an outer tube (652), and a rotation
assembly (640); which are substantially simtlar to ultrasonic waveguide (192}, inner tube
(170), outer tube (152), and rotation assembly (540}, respectively, except for the

differences described below.

000107} As best seen in FIG. 17, ultrasonic waveguide (692) includes a seal (696), a cam

pin {694) and a threaded stud (698} that is configured to couple with an ultrasonic
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transducer (not shown). loner tube (670} mncludes a cam slot (672) extending from the
proximal end of inner tube {670) and ternunating at a placement hole (674). Outer tube
(652) mncludes a cam slot {654) extending from the proximal end of outer tube (652) and
ternunating in a translation slot (656}, Rotation assembly {640} includes a rotation knob
{642} defining a channel {646) and a locking feature (644). Locking feature (644} may
actuate relative to the rest of rotation assembly (640). It should be understood that cam
pin {694) may fit within both cam slots (672, 654) and radially extend from the rest of
altrasonic waveguide {692} as to extend bevond the dimensions of muner tube (670} and

outer tube (652},

[{B00108] FIGS. 18A-18C show how waveguide (692} may be assembled within outer tube
{(652), mner tube (670), and rotation knob (642). Outer tube (652) and nner tube (670)
are partially disposed within channel (646} of rotation knob {642). An operator may
insert the distal end of waveguide (692} mto the proximal openings of inner tube (670)
and outer tube (552} such that cam pin (694) 15 aligned with cam slots (672, 654). As
mentioned above, camp pin (694} extends radially outwardly from the rest of ultrasonic
waveguide (692) such that cam pin {694) extends beyond the dimensions of mner tube
{670} and outer tube (652). Therefore, when cam pin (694} 15 aligned with cam slots
(672, 654), cam pin (694) extends through nner tube (670} and outer tube (652) via cam
slots (672, 654}, It should be understood that cam slots (672, 654} are aligned when outer
tube (652) 1s actuated to its most distal position relative to inner tube (670). However,
cam slots (672, 654) may be dimensioned to align at any other longitudinal location of
outer tube (652) relative to inner tube (670} as would be apparent to one having ordinary

skill in the art in view of the teachings herein.

000109 As shown 1n FIG. 18B, the operator push ultrasonic waveguide {(692) in the distal
direction. As waveguide (692} travels distally, cam slots (672, 654) force waveguide
{(692) to rotate via cam pin {694). Waveguide (692) may travel distally within inner tube
{670) and outer tube {652} until cam pin (694) reaches placement hole (674) as shown
FIG. 18B. Because cam pin {694} is located at the same location relative to the rest of
waveguide (692}, and because cam slots (672, 654) are located at the same location when

aligned, wavegude (692) will umiformly locate in the same longitudinal and rotational
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position every time waveguide (692) 1s inserted nto inner tube (670) and outer tube
{(652). Placement hole (674} 1s located directly adjacent to locking feature (644} As
described above, locking feature {644) 1s capable of actuating relative to the rest of
rotation assembly (640}, Additionally, locking feature (644} 15 dimensioned for a snap fit
with cam pin {694) when locking feature (644} 15 actuated toward cam pin {694) as
shown m FIG. 18C. Waveguide (692} 15 thereby rotationally and longitudmally fixed
relative to rotation assembly (640). While locking feature (644) uses a snap fit to lock
with cam pin {694) in the current example, any other suttable method of fixing cam pin
(694} to locking feature {644) may be utilized as would be apparent to one having

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

[00606110] If an operator wishes to remove waveguide {692) for cleaning or other purposes,
the operator may actuate locking feature (644) in the upward direction so that locking
feature (644} 13 no longer fixed to cam pin (694). The operator may then pull waveguide
(692) 1n the proximal direction to further remove waveguide {692) from nner tube (670}

and outer tube {652)

000111} It should be understood that translation slot (656) of outer tube (652} is
dimensioned to allow outer tube (652) to longitudinally travel relative to inner tube (670)
such that outer tube (652} does not interfere with cam pin {694) when waveguide (692} 1s
assembled in place and secured by locking feature (644). Therefore, the operator may
still open and close a clamp arm relative to a blade. It should also be understood that
while one cam pin (694) and one pair of cam slots (672, 654) are utilized in the current

example, any suitable number of cam pins (694) and cam slots (672, 654) may be

uttlized.
[000112] C. Waveguide with Clocking Pin
{660113] FIG. 19 shows an ultrasonic blade (792) and body portion (710} that may be

readily incorporated into instrument {10} described above. As best seen in FIGS. 26A-
26C, body portion (710) includes a shroud (712} defining a pair of rotating recesses
(714). As will be described in greater detail below, rotating recesses {714) of shroud

(712) are configured to rotationally and longitudinally align ultrasonic blade (792)
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relative to the rest of body portion (710},

[000114] As best seen i FIGS. 20-24, waveguide (792} includes a threaded recess (798)
that 1s configured to couple waveguide (792) with an ultrasonic transducer {(not shown), a
silicone portion (794) defining a pin hole (796), and a clocking pin (780} that is
configured to fit within pin hole (796) of silicone portion (794). Clocking pin (780}
mcludes a pin (786) surrounded by a siticone overmold (788). Clocking pin (780} further
mcludes a pair of clocking blocks (784} located at the ends of pin (786). Clocking blocks
(784) mayv be made out of a plastic matenal or contain a plastic overmold.  Silicone
portion {794) and silicone overmold (738} help isolate ultrasonic waveguide (792} from
clocking pin (780} This may help prevent clocking pin (780} from transmuiting acoustic
vibrations that are transnutted through waveguide (792 to an sltrasonic blade. Clocking
pin (780} fits within pin hole (790} in such a way that clocking pin {780} 1s fixed relative

to ultrasonic waveguide (792).

[000115] FIGS. 25A-26C show an exemplary assembly of waveguide (792). Furst, as
shown m FIG 25A and FIG 2064, the proximal end of ultrasonic waveguide (792) 13
imserted into the distal end of shroud (712}, Clocking blocks (784) of clocking pin (780)
are thereby inserted into the origin of rotating recesses {714). Rotating recesses {714)
define respective helical paths within shroud (712). Therefore, as shown in FIG. 258 and
FI1G. 26B, as waveguide (792} 1s rotated, clocking blocks (784), and therefore waveguide
{792), travel proximally within shroud (712) while rotating to a predetermined angular
orientation. Eventually, as shown in FIG 25C and FIG. 26C, clocking blocks (784)
reach the termination of rotating recesses (714). At this point, waveguide {792} cannot
further rotate or travel proximally relative to shroud (712). Because shroud (712) 1s fixed
relative to the rest of body (710}, waveguide (792} will be uniformly placed in the same
longitudinal and angular position every time waveguide (792} 1s “clocked” within shroud
(712). An operator may remove waveguide {792) for cleaning and reinsert waveguide

(792) back mto shroud {(712) at the exact location for subsequent use.

{000116] While the present example has waveguide {(792) being inserted at the distal end of
shroud (712), alternatively waveguide {792) may also be configured to be inserted in the

proximal end of shroud (712).
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[008117] D. Tethered Waveguide

[000118] FIGS. 27A-278 show an alternative body (810), shaft assembly (830), and end
effector (880) that may be readily mcorporated into nstrument (10} described above.
Shaft assembly (850) and end effector (880) are substantially similar to shaft assembly
{150} and end effector (180} described above, with differences described below. Shaft
assembly {850) includes an outer tube {852), an nner tube {(not shown), a waveguide
(892) and a rotation assembly (840); which are substantially similar to outer tube (152),
mner tube {170), wavegude (192} and rotation assembly (540} described above
Rotation assembly (840} mncludes a rotation knob (842} substantially simular to rotation
knob {542) described above. Waveguide {(892) defines a pin hole (891} that 15 configured
to be used mn coupling waveguide (892} to body {810). End effector (880} includes a
clamp arm (882} and an acoustic blade (890} substantially similar to clamp arm (182} and

acoustic blade {(190) mentioned above.

{0006119] Body (810) includes a trigger (820}, a tether (894} connected to waveguide (892)
at a connection pot {898), and a tether housing (812) that stores a cotled portion {(896)
of tether (894). Tether (8%94) extends from coiled portion (896} in such a way that
portions of tether (894) may extend out of coiled portion (896), as shown in FIG. 27B.
Cotled portion (896} may have recoil function, such that tugging on the portion of tether
(894) extending from cotled portion (896} encourages coiled portion (896} to recoil
excess lengths of tether (894). As shown in FIG. 27B, connection point (898} couples
tether (894) with waveguide (892} such that waveguide (892} can be removed relative to
the rest of shaft assembly (850), but cannot be removed entirely relative to body (810).
In other words, even if waveguide (892) 1s removed from shaft assembly (850} for
cleaning, waveguide (892) cannot be completely detached from body (810} due to tether
(894). Connection point {898) may consist of a groove on waveguide (892} m which
tether (894} 15 tied around. Alternatively, connection point (898) may comprise an
gvermold of silicone on the portion of tether (894} in contact with waveguide (892).
Various other suitable ways in which tether (894) may be secured to waveguide {892)

will be apparent to one having ordinary skill in the art in view of the teachings heremn.

{000120] IV,  Exemplary Combinations
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[000121} The following examples relate to various non-exhaustive ways in which the
teachings herein may be combined or apphed. It should be understood that the following
examples are not intended to restrict the coverage of any claims that may be presented at
any time i this application or i subsequent filings of this application. No disclaimer 1s
mtended. The following examples are being provided for nothing more than merely
iHustrative purposes. It 1s contemplated that the varicus teachings heremn may be
arranged and apphied in numerous other ways. It 18 also contemplated that some
variations may omut certain features referred to tn the below examples. Therefore, none
of the aspects or features referred to below should be deemed critical unless otherwise
explicitly indicated as such at a later date by the mmventors or by a successor in interest to
the inventors. If any claims are presented in this application or in subsequent filings
related to this application that include additional features bevond those referred to below,
those additional features shall not be presumed to have been added for any reason relating

1o patentability.
{600122] Example 1

{006123] An apparatus comprising. {(a} a shaft assembly defining a longitudinal axis,
wherein the shaft assembly comprises: (1) a first coupling member, and (11} a second
coupling member, wherein the first coupling member and the second coupling member
are configured to flex toward each other from a first position to a second position,
wherein the first coupling member and the second coupling member define a pivot axis in
the first position; and (b) an end effector comprising: (1) an ultrasonic blade extending
trom the shaft assembly, {11} a lamp arm configured to couple or decouple with the shaft
assembly when the first coupling member and the second coupling member are in the
second position, wherein the clamp arm 1s configured to pivot toward and away the
ultrasonic blade about the pivot axis when the first coupling member and the second

coupling member are in the first position.
{000124] Example 2

{000125] The apparatus of Example 1, wherein the clamp arm comprises a first integral pin

and a second integral pin, wherein the first integral pin s configured to couple or
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decouple with the first coupling member when the first coupling member and the second
coupling member are n the second position, wherein the second integral pin 1s
configured to couple or decouple with the second coupling member when the furst

coupling member and the second coupling member are in the second position.
{000126] Example 3

[6606127] The apparatus of Example 2, wherein the first integral pin and the second ntegral
pin define a lateral gap, wherein the width of the ultrasonic blade 1s smaller than the

lateral gap.
(006128] Example 4

{0006129] The apparatus of any one or more of Examples 1 through 3, wherein the first
coupling member and the second coupling member define a longitudinal channel,

wherein the longitudinal channel is wider in the first position than the second position.
[006G136] Example 5

(0006131} The apparatus of Example 4, wherein the first coupling member comprises a tab,
wherein the tab extends over the longitudinal channel toward the second coupling

mentber.
(0006132] Example 6

[000133] The apparatus of Example 5, wherein the tab s configured to be fixed to the
second coupling member, wherein the tab is configured to prevent the furst coupling
member and the second coupling member from flexing to the second position when the

tab 1s fixed to the second coupling member.
{000134] Example 7

{000135] The apparatus of any one or more of Examples 4 through 6, wherein the shaft

assembly further comprises a cap.
[060136]  Example 8

{000137] The apparatus of Example 7, wherein the cap comprises a spacer, wherein the

-3



WO 2017/112467 PCT/US2016/066451

spacer is dimensioned to fit within the longttudinal channel when the first coupling

member and the second coupling member are in the first position,
{0006138] Example 9

[000139] The apparatus of Example 8, wherein the spacer is configured to prevent the first
coupling member and the second coupling member from flexing from the first position to

the second position when the spacer 1s within the longitudinal channel
[060140]  Example 10

[000141] The apparatus of Example 9, wherein the cap comprises a first flange and a
second flange, wherein the first flange is configured to rest on top of the first coupling
member, wherein the second flange 1s configured to rest on top of the second coupling

member.
[000142] Example 11

000143} The apparatus of Example 10, wherein the first flange 15 configured to fix to the
first coupling member, wherein the second flange is configured to fix to the second

coupling member.
[00G144] Example 12

{000145] The apparatus of any one or more of Examples © through 11, wherein the spacer
defines a first longitudinal slot and a second longitudinal slot, wherein the first
longitudinal slot 1s configured to house a portion of the first coupling member, wherein
the second longitudinal slot s configured to house a portion of the second coupling

member.
[000146] Example 13

{000147] The apparatus of any one or more of Examples 9 through 12, wherein the cap
further comprises a tab, wherein the first coupling member and the second coupling
member further define a locking channel, wherein the tab 1s dimensioned to fit within the
locking channel, wherein the tab s configured to prevent longitudinal movement of the
cap when the tab 1s within the locking channel.
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[000148] Example 14

{000149] The apparatus of Example 13, wherein the cap further comprises a resilient

member positioned between the tab and the spacer.
[000150] Example 15

[000151] An apparatus comprising: {a) an end effector comprising an ultrasonic blade; and
{b) a shaft assembly defining a longitudinal axis, wherein the ultrasonic blade extends
from the shaft assembly, wherein the shaft assembly comprises: (i) a first tube, (11) an
acoustic waveguide extending through the first tube, wherein the acoustic waveguide is
unitarily attached to the ultrasonic blade, wherein the acoustic waveguide 15 configured to
be removed from the first tube, and (111) a locating feature, wherein the locating feature is
configured to orient the acoustic waveguide relative to the first tube along the

tongitudinal axis and about the longitudinal axas.
[000152] Example 16

000153 The apparatus of Example 15, wherein the locating feature comprises a key lock,
wherein the acoustic waveguide defines a recess configured to mate with the key lock to

ortent the acoustic waveguide relative to the fust tube.
[000154] Example 17

[000155] The apparatus of Example 16, wherein the key lock 1s biased to engage the recess

defined by the acoustic waveguide.
[060156]  Example 18

{B00157] The apparatus of any one or more of Examples 15 through 17, wherein the
locating feature comprises a cam slot defined by the first tube, wherem the acoustic

waveguide comprises a cam pin configured o be inserted into the cam slot.
[0601%8]  Example 19

[000159] The apparatus of Example 18, wherein the shaft assembly further comprises a

locking feature configured to selectively fix to the cam pin.
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{000160] Example 20

[008161] An apparatus comprising: {a) a body portion; (b} a shaft assembly extending
distally from the body portion, wherein the shaft assembly comprises: (1) an acoustic
waveguide, and (i1t} a tube, wherein the acoustic waveguide 15 configured to it coaxially
within the tube, wheremn the acoustic waveguide is configured to be removed from the
tube; and {c} a tether, wherein a first end of the tether 1s coupled with the body portion,
wherein a second portion of the tether s coupled with the acoustic waveguide, wherein
the tether has a length configured to enable removal of the acoustic waveguide from the

tube while still coupling the acoustic wavegwide with the body portion.
[0006162] V. Mhiscellaneous

[000163] It should be understood that any of the versions of mstruments described herein
may include various other features in addition to or 10 lieu of those described above. By
way of example only, any of the instruments described heremn may also include one or
more of the various features disclosed in any of the various references that are
meorporated by reference herein. It should alse be understood that the teachings herein
may be readily applied to any of the nstruments described n any of the other references
cited herein, such that the teachings herein may be readily combined with the teachings
of any of the references cited herein in numerous ways. (Other types of instruments nto
which the teachings herein may be incorporated will be apparent to those of ordinary skill

in the art.

{660164] It should also be understood that any ranges of values referred to herein should be
read to include the upper and lower boundaries of such ranges. For instance, a range
expressed as ranging “between approximately 1.0 inches and approximately 1.5 inches”
should be read to include approximately 1.0 inches and approximately 1.5 inches, in

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

$00165| It should be appreciated that any patent, publication, or other disclosure material,
PP yp p

in whole or in part, that is said to be mcorporated by reference herein 1s incorporated

herein only to the extent that the incorporated material does not conflict with existing

definitions, statements, or other disclosure material set forth in this disclosure. As such,
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and to the extent necessary, the disclosure as exphicitly set forth herein supersedes any
conflicting material mcorporated herein by reference. Any material, or portion thereof,
that 15 said to be incorporated by reference heremn, but which conflicts with existing
definttions, statements, or other disclosure material set forth heremn will only be
mcorporated to the extent that no conflict arises between that incorporated material and

the existing disclosure maternal.

[{600166] Versions of the devices described above may have application i conventional
medical treatments and procedures conducted by a medical professional, as well as
application i robotic-assisted medical treatments and procedures. By way of example
only, various teachings herein may be readily incorporated into a robotic surgical system
such as the DAVINCI™ systemn by Intuitive Surgical, Tnc., of Sumnyvale, Califorma.
Similarly, those of ordinary skill in the art will recognize that various teachings herein
may be readily combined with various teachings of U.S. Pat No. 6,783,524, entitled
“Robotic Surgical Tool with Ultrasound Cauterizing and Cutting Instrument,” published

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

{000167] 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 reuse after at least one use. Reconditioning may include any
combination of the steps of disassembly of the device, followed by cleaning or
replacement of particular pieces, and subsequent reassembly. In particular, some
verstons of the device may be disassembled, and any number of the particular pieces or
parts of the device may be selectively replaced or removed in any combination. Upon
cleaning and/or replacement of particular parts, some versions of the device may be
reassembled for subsequent use either at a reconditioning facility, or by an operator
immediately prior to a procedure. Those skilled in the art will appreciate that
reconditioning of a device may utilize a variety of techniques for disassembly,
cleaning/replacement, and reassembly. Use of such techniques, and the resulting

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

{000168] By way of example only, versions described herein may be sterilized before

and/or after a procedure. In one sterilization technique, the device is placed in a closed
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and sealed container, such as a plastic or TYVEK bag. The container and device may
then be placed in a field of radiation that can penetrate the container, such as gamma
radiation, x-rays, or high-energy electrons. The radiation may kil bactena on the device
and m the container. The sterilized device may then be stored in the sterile contamner for
later use. A device may alse be steritlized using any other technique known 1n the art,

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

{000169] Having shown and described various embodiments of the present invention,
further adaptations of the methods and systems described herein may be accomphished by
appropriate modifications by one of ordinary skill 1 the art without departing from the
scope of the present mvention. Several of such potential modifications have been
mentioned, and others will be apparent to those skilled in the art.  For mstance, the
examples, embodiments, geometrics, materials, dimensions, ratios, steps, and the hke
discussed above are illustrative and are not required. Accordingly, the scope of the
present invention should be considered in terms of the following claims and is understood
not o be limited to the details of structure and operation shown and described in the

specification and drawings.
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We Claim:

2.

PCT/US2016/066451

An apparatus comprising:

(a)

(b)

a shaft assembly defining a longitudinal axis, wherem the shaft assembly

COMPTISES:

(1)
(i1

a first couphing member, and

a second coupling member, wherein the first coupling member and
the second coupling member are configured to flex toward each
other from a first position to a second position, wherein the first
coupling member and the second coupling member define a pivot

axis n the first position; and

an end effector comprising:

(1)
(1)

an ultrasonic blade extending from the shaft assembly,

a clamp arm configured to couple or decouple with the shaft
assembly when the first coupling member and the second coupling
member are in the second position, wherein the clamp arm s
configured to pivot toward and away the ultrasonic blade about the
pivot axis when the first coupling member and the second coupling

member are in the first position.

The apparatus of claim 1, wherein the clamp arm comprises a first integral pin

and a second integral pin, wherein the first integral pin 15 configured to couple or decouple with

the first coupling member when the first coupling member and the second coupling member are

in the second position, wherein the second integral pin i1s configured to couple or decouple with

the second coupling member when the first coupling member and the second coupling member

are in the second position.

3

The apparatus of claim 2, wherein the first integral pin and the second integral pin

define a lateral gap, wherein the width of the ultrasonic blade 15 smalier than the lateral gap.

The apparatus of claim 1, wherein the first coupling member and the second
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coupling member define a longitudinal channel, wherein the longitudinal channel 15 wider in the

first posttion than the second position.

5. The apparatus of claim 4, wherein the first coupling member comprises a tab,

wheremn the tab extends over the longitudinal channel toward the second coupling member,

6. The apparatus of claim 5, wherein the tab is configured to be fixed to the second
coupling member, wherein the tab 13 configured to prevent the furst coupling member and the
second couphing member from flexing to the second position when the tab 1s fixed to the second

coupling member.

7. The apparatus of claim 4, wherein the shaft assembly further comprises a cap.
8. The apparatus of claim 7, wherein the cap comprises a spacer, wherem the spacer

is dimensioned to fit within the longitudinal channel when the first coupling member and the

second coupling member are in the first position.

9. The apparatus of claim 8, wherein the spacer is configured to prevent the first
coupling member and the second coupling member from flexing from the first position to the

second position when the spacer is within the longitudinal channel.

10, The apparatus of claim 9, wherein the cap comprises a first flange and a second
flange, wherein the first flange 1s configured to rest on top of the first coupling member, wherein

the second tlange 15 configured to rest on top of the second coupling member.

It The apparatus of claim 10, wherein the first flange 15 configured to fix to the first

coupling member, wherein the second flange 1s configured to fix to the second coupling member.

12, The apparatus of claim 9, wherein the spacer defines a first longitudinal slot and a
second longitudinal slot, wherein the first longitudinal slot 15 configured to house a portion of the

first coupling member, wherein the second longitudinal siot 15 configured to house a portion of
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the second coupling member.

13 The apparatus of claim 9, wherein the cap further comprises a tab, wherein the
first coupling member and the second coupling member further define a locking channel,
wheremn the tab 1s dimensioned to it within the locking channel, wherein the tab 1s configured to

prevent longitudinal movement of the cap when the tab s within the locking channel.

14 The apparatus of claim 13, wheremn the cap further comprises a resilient member

positioned between the tab and the spacer.

15 An apparatus comprising;
{a) an end effector comprising an ultrasonic blade; and
(b} a shaft assembly defining a longitudinal axis, wherein the ultrasonic blade
extends from the shaft assembly, wherein the shaft assembly comprises:

(1) a first tube,

(1) an acoustic waveguide extending through the first tube, wherein
the acoustic wavegwde 1s unitarily attached to the ulirasonic blade,
wherein the acoustic waveguide is configured to be removed from
the first tube, and

(i1}  a locating feature, wherein the locating feature is configured to
orient the acoustic waveguide relative to the first tube along the

longitudinal axis and about the longitudinal axis.

i6. The apparatus of clamm 15, wherein the locating feature comprises a key lock,
wherein the acoustic waveguide defines a recess configured to mate with the key lock to orient

the acoustic waveguide relative to the first tube.

17. The apparatus of claim 16, wherein the key lock 13 biased to engage the recess

defined by the acoustic waveguide.

I8 The apparatus of claim 15, wherein the locating feature comprises a cam slot
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defined by the first tube, wherein the acoustic waveguide comprises a cam pin configured to be

mserted o the cam slot.

152 The apparatus of claim 13, wheremn the shaft assembly further comprises a

locking feature configured to selectively fix to the cam pin.

20. An apparatus comprising:
{a) a body portion;
(b} a shaft assembly extending distally from the body portion, wherein the
shaft assembly comprises:
(1) an acoustic waveguide, and
(1)  a tube, wherem the acoustic waveguide 15 configured to fit
coaxially within the tube, wherein the acoustic waveguide is
configured to be removed from the tube; and
() a tether, wherein a first end of the tether 1s coupled with the body portion,
wherein a second portion of the tether is coupled with the acoustic
waveguide, wherein the tether has a length configured to enable removal
of the acoustic waveguide from the tube while still coupling the acoustic

waveguide with the body portion.
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