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(57) Abstract

An ultrasonic surgical device (80, 180) includes a transducer assembly (82, 182) adapted to vibrate at an ultrasonic frequency in
response to electrical energy. A transmission component having a transmission component (86, 186) adapted to receive ultrasonic vibration
from the transducer assembly and to transmit the ultrasonic vibration from a first end to a second end. A braking device (130, 300) is
configured to apply a force to the outer surface of the transmission component to dampen the ultrasonic vibration being transmitted from
the first end of the transmission rod to the second end of the transmission rod. A method of inserting a trocar cannula into tissue of a
patient is also provided. The method includes the steps of providing an ultrasonic trocar obturator (180) having an ultrasonic waveguide
(186) including an end effector (188) at a distal end thereof, positioning the trocar obturator within a trocar cannula (159), positioning
the trocar obturator in contact with a wall of said body cavity, and ultrasonicly vibrating the end effector to create a penetration opening.
The method further includes advancing the ultrasonic obturator (180) into said penetration opening, detecting when penetration has been
completed, applying a braking member (300) to the obturator to dampen the ultrasonic vibration of the end effector, and advancing the
trocar cannula into the penetration opening.
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ULTRASONIC INTERLOCK AND METHOD
OF USING THE SAME -

FIELD OF THE INVENTION
The present invention relates generally to an ultrasonic devices,
and more particularly to an ultrasonic interlock or braking mechanism that

can dampen the ultrasonic vibration of a transmission component.

BACKGROUND OF THE INVENTION

Minimally invasive endoscopic surgical procedures have
become increasingly widespread in view of the reduced trauma for patients,
and their highly cost-effective nature. For such procedures, a trocar

assembly is typically employed for effecting penetration of the wall of a body

- cavity of the patient. - A typical trocar assembly includes an outer tubular

cannula, and an inner tissue-piercing obturator having a puncturing tip. For
use, the trocar assembly is positioned so that the obturator can be advanced
to form an opening in the wall of the body cavity with the puncturing tip, and
the cannula thereafter inserted through the opening. The obturator is then
removed from within the cannula, with the cannula thereafter providing |
access for insertion of surgical instruments and other devices related to the
surgical procedure to be performed. |

Many trocar assemblies have a retractable or removable shield
that can cover the puncturing tip of the obturator, thus covering the tissue--
piercing portion of the assembly. When the trocar assembly is positioned for
puncturing the body cavity of a patient, the shield can be retracted to expose
the puncturing tip to pierce the wall of the body cavity. Once the body
cavity has been pierced, the shield re-covers the puncturing tip of the
obturator. For example, in abdominal surgery, when the peritoneal cavity is
reached, the shield covers the puncturing tip of the obturator.

Use of ultrasonic surgical instruments is also becoming

increasingly widespread by virtue of the unique performance characteristics
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of such devices. Depending upon specific instrument configuration and
operational parameters, such devices can provide substantially simultaneous
cutting of tissue and hemostasis, again desirably minimizing patient trauma.

U.S. Patent No. 5,449,370, hereby incorporated by reference,
discloses an ultrasonic trocar assembly including an ultrasonic obturator
configured to effect ultrasonic penetration of the wall of a body cavity for
subsequent introduction of a tubular cannula of the trocar assembly. The
obturator of the trocar assembly is provided with a blunt or rounded tip for
minimizing patient trauma attendant to penetration of the body cavity. When
the obturator penetrates the tissue of a patient, a feedback mechanism shuts
off or reduces the ultrasonic energy delivered to the obturator.

The present invention is directed to an interlock or braking
mechanism that mechanically dampens the ultrasonic energy delivered to a

transmission component.

SUMMARY OF THE INVENTION

An ultrasonic interlock embodying the principles of the present
invention is provided to mechanically dampen the vibration of a transmission
component. The interlock engages the periphery of a transmission
component to dampen, arrest or reduce the vibration of the transmission
component. When the interlock is engaged with the transmission component,
a force is applied to the transmission component to prevent the ultrasonic
energy from being transmitted through the transmission component.

The interlock can also engage the transmission component to
prevent inadvertent delivery of ultrasonic energy. The interlock may be
utilized on any suitable ultrasonic device or ultrasonic surgical device, such
as, for example, an ultrasonic scalpel and an ultrasonic trocar.

An ultrasonic surgical device in accordance with the present
invention includes a transducer assembly adapted to vibrate at an ultrasonic

frequéncy in response to electrical energy. A transmission component is
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adapted to receive ultrasonic vibration from the transducer assembly and to
transmit the ultrasonic vibration from a first end to a second end. A braking
device is configured to apply a force to the outer surface of the transmission
component to dampen the ultrasonic vibration being transmitted from the first
end of the transmission rod to the second end of the transmission rod.

A method in accordance with the present invention includes the
steps of providing an ultrasonic trocar obturator having an ultrasonic
waveguide including an end effector at a distal end thereof, positioning the
trocar obturator within a trocar cannula, positioning the trocar obturator in
contact with a wall of said body cavity, and ultrasonicly vibrating the end
effector to create a penetration opening. The method also includes the steps
of advancing the ultrasonic obturator into said penetration opening, detecting
when penetration has been completed, and applying a braking member to the
obturator to dampen the ultrasonic vibration of the end effector and
advancing the trocar cannula into the penetration opening.

Other features and advantages of the present invention will
become readily apparent from the following detailed description, the

accompanying drawings, and the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a fragmentary view and in partial cross-section of an
embodiment of a surgical system according to the present invention;

FIG. 2 is a diagrammatical view of an interlock of the surgical
system of FIG. 1 in a retracted position;

FIG. 3 is a diagrammatical view of the interlock of FIG. 2 in
an engaging position;

FIG. 3a is a cross-sectional view of the interlock of FIG. 3
about line A-A;

FIG. 4 is an exploded view of an ultrasonic trocar assembly;
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FIG. § is a diagrammatical view of an interlock of the
ultrasonic trocar assembly of FIG. 4 engaging a transmission component;

FIG. 6 is a diagrammatical view of the interlock of FIG. 5
disengaged from the transmission component;

FIG. 7 is a diagrammatical view of the ultrasonic trocar
assembly of FIG. 5 having a tissue load sensor in a retracted position;

FIG. 8 is a diagrammatical view of the ultrasonic trocar
assembly of FIG. 5 having a tissue load sensor in an extended position; and

FIG. 8a is an enlarged view of a portion of the interlock of
FIG. 7.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

While the present invention is susceptible of embodiment in
various forms, there is shown in the drawings and will hereinafter be
described a presently preferred embodiment, with the understanding that the
present disclosure is to be considered as an exemplification of the invention,
and is not intended to limit the invention to the specific embodiments
illustrated. |

Referring now to FIG. 1, a presently preferred embodiment of
a surgical system 10 is illustrated. The surgical system 10 generally includes
a generator 30, a handpiece assembly 50, an acoustic or transmission
assembly 80, and an interlock or braking mechanism 130. The generator 30
sends an electrical signal through a cable 32 at a selected amplitude,
frequency, and phase determined by a control system of the generator 30.
As will be further described; the signal causes one or more piezoelectric
elements of the acoustic assembly 80 to expand and contract, thereby
converting the electrical energy into mechanical motion. The mechanical
motion results in longitudinal waves of ultrasonic energy that propagate
through the acoustic assembly 80 in an acoustic standing wave to vibrate the

acoustic assembly 80 at a selected frequency and amplitude. An end effector
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88 at the distal end of the acoustic assembly 80 is placed in contact with
tissue of the patient to transfer the ultrasonic energy to the tissue. The cells
of the tissue in contact with the end effector 88 of the acoustic assembly 80
will move with the end effector 88 and vibrate.

As the end effector 88 couples with the tissue, thermal energy
or heat is generated as a result of internal cellular friction within the tissue.
The heat is sufficient to break protein hydrogen bonds, causing the highly
structured protein (i.e., collagen and muscle protein) to denature (i.e.,
become less organized). As the proteins are denatured, a sticky coagulum
forms to seal or coagulate small blood vessels when the coagulum is below
100°C. Deep coagulation of larger blood vessels results when the effect is
prolonged.

The transfer of the ultrasonic energy to the tissue causes other
effects including mechanical tearing, cutting, cavitation cell disruption, and
emulsification. The amount of cutting as well as the degree of coagulation
obtained varies with the vibrational amplitude of the end effector 88, the
amount of pressure applied by the user, and the sharpness of the end effector
88. The end effector 88 of the acoustic assembly 80 in the surgical system
10 tends to focus the vibrational energy of the system 10 onto tissue in
contact with the end effector 88, intensifying and localizing thermal and
mechanical energy delivery.

As illustrated in FIG. 1, the generator 30 includes a control
system integral to the generator 30, a power switch 34, and a triggering
mechanism 36. The power switch 34 controls the electrical power to the
generator 30, and when activated by the triggering mechanism 36, the
generator 30 provides energy to drive the acoustic assembly 80 of the
surgical system 10 at a predetermined frequency and to drive the end effector
88 at a predetermined vibrational amplitude level. The generator 30 may

drive or excite the acoustic assembly 80 at any suitable resonant frequency of

the acoustic assembly 80.




WO 98/37821 . PCT/US98/03052

10

15

20

25

-6-

When the generator 30 is activated via the triggering
mechanism 36, electrical energy may be continuously applied by the
generator 30 to a transducer assembly 82 of the acoustic assembly 80 until
the braking mechanism or interlock 130 is applied as described below, or the
triggering mechanism 36 is deactivated. A phase locked loop in the control -
system of the generator 30 monitors feedback from the acoustic assembly 80.
The phase lock loop adjusts the frequency of the electrical energy sent by the
generator 30 to match a preselected harmonic frequency of the acoustic
assembly 80. In addition, a second feedback loop in the control system
maintains the electrical current supplied to the acoustic assembly 80 at a
preselected constant level in order to achieve substantially constant
vibrational amplitude at the end effector 88 of the acoustic assembly 80. The
electrical signal supplied to the acoustic assembly 80 will cause the distal end
to vibrate longitudinally in the range of, for example, approximately 20 kHz
to 100 kHz, and preferably in the range of about 54 kHz to 56 kHz, and
most preferably at about 55.5 kHz. The amplitude of the acoustic vibrations
at the end effector 88 may be controlled by, for example, controlling the
amplitude of the electrical signal applied to the transducer assembly 82 of the
acoustic assembly 80 by the generator 30.

As noted above, the triggering mechanism 36 of the generator
30 allows a user to activate the generator 30 so that electrical energy may be
continuously supplied to the acoustic assembly 80. In one embodiment, the
triggering mechanism 36 preferably comprises a foot activating switch that is
detachably coupled or attached to the generator 30 by a cable or cord. In
another embodiment, a hand switch may be incorporated in the handpiece
assembly 50 to allow the generator 30 to be activated by a user.

The generator 30 also has a power line 38 for insertion in an
electrosurgical unit or conventional electrical outlet. It is contemplated that

the generator 30 may also be powered by a direct current (DC) source, such
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as a battery. The generator 30 may be any suitable generator, such as Model
No. GENOI1, available from Ethicon Endo-Surgery, Inc.

Referring still to FIG. 1, the handpiece assembly 50 includes a
multi-piece housing or outer casing 52 adapted to isolate the operator from
the vibrations of the acoustic assembly 80. The housing 52 is preferably
cylindrically shaped and is adapted to be held by a user in a conventional

manner, but may be any suitable shape and size which allows it to be grasped

by the user. While a multi-piece housing 52 is illustrated, the housing 52

may comprise a single or unitary component.

The housing 52 of the handpiece assembly S0 is preferably
constructed from a durable plastic, suéh as Ultem®. It is also contemplated
that the housing 52 may be made from a variety of materials including other
plastics (i.e. high impact polystyrene or polypropylene). A suitable
handpiece assembly 50 is Model No. HP050, available from Ethicon Endo-
Surgery, Inc.

As illustrated in FIG. 1, the handpiece assembly 50 generally
includes a proximal end 54, a distal end 56, and centrally disposed axial
opening or cavity 58 extending longitudinally therein. The distal end 56 of
the handpiece assembly 50 includes an opening 60 configured to allow the
acoustic assembly 80 of the surgical system 10 to extend therethrough, and
the proximal end 54 of the handpiece assembly 50 is coupled to the generator
30 by a cable 32. The cable 32 may include ducts or vents 62 to allow air to
be introduced into the handpiece assembly 50 to cool the transducer assembly
82 of the acoustic assembly 80.

Referring still to FIG. 1, the acoustic assembly 80 generally
includes a transducer stack or assembly 82 and a transmission component.
The transmission component may include a mounting device 84, a
transmission rod or waveguide 86, and an end effector or applicator 88. The
transducer assembly 82, mounting device 84, transmission rod 86, and the

end effector 88 are preferably acoustically tuned such that the length of each
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component is an integral number of one-half system wavelengths (n\/2)
where the system wavelength A is the wavelength of a preselected or
operating longitudinal vibration frequency f of the acoustic assembly 80. It is
also contemplated that the acoustic assembly 80 may incorporate any suitable
arrangement of acoustic elements. For example, the acoustic assembly 80
may comprise a transducer assembly and an end effector (i.e., the acoustic
assembly 80 may be configured without a mounting device and a transmission
rod).

The transducer assembly 82 of the acoustic assembly 80
converts the electrical signal from the generator 30 into mechanical energy
that results in longitudinal vibratory motion of the end effector 88 at
ultrasonic frequencies. When the acoustic assembly 80 is energized, a
vibratory motion standing wave is generated through the acoustic assembly
80. The amplitude of the vibratory motion at any point along the acoustic
assembly 80 depends on the location along the acoustic assembly 80 at which
the vibratory motion is measured. A minimum or zero crossing in the
vibratory motion standing wave is generally referred to as a node (i.e., where
axial motion is usually minimal and radial motion is usually small), and an
absolute value maximum or peak in the standing wave is generally referred to
as an antinode. The distance between an antinode and its nearest node is
one-quarter wavelength (\/4).

As shown in FIG. 1, the transducer assembly 82 of the acoustic
assembly 80, which is known as a "Langevin stack”, generally includes a
transduction portion 90, a first resonator 92, and a second resonator 94. The
transducer assembly 82 is preferably an integral number of one-half system
wavelengths (n\/2) in length. It is to be understood that the present
invention may be alternatively configured to include a transducer assembly
comprising a magnetostrictive, electromagnetic or electrostatic transducer.

The distal end of the first resonator 92 is connected to the

proximal end of transduction section 90, and the proximal end of the second
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resonator 94 is connected to the distal end of transduction portion 90. The
first and second resonators 92 and 94 are preferably fabricated from titanium,
aluminum, steel, or any other suitable material. The first and second
resonators 92 and 94 have a length determined by a number of variables,
including the thickness of the transduction section 90, the density and
modulus of elasticity of material used in the resonators 92 and 94, and the
fundamental frequency of the transducer assembly 82. The second resonator
94 may be tapered inwardly from its proximal end to its distal end to amplify
the ultrasonic vibration amplitude.

The transduction portion 90 of the transducer assembly 82
preferably comprises a piezoelectric section of alternating positive electrodes
96 and negative electrodes 98, with piezoelectric elements 100 alternating
between the electrodes 96 and 98. The piezoelectric elements 100 may be
fabricated from any suitable material, such as, for example, lead zirconate-
titante, lead meta-niobate, lead titanate, or ceramic piezoelectric crystal
material. Each of the positive electrodes 96, negative electrodes 98, and
piezoelectric elements 100 may have a bore extending through the center.
The positive and negative electrodes 96 and 98 are electrically coupled to a
wires 102 and 104, respectfully. Wires 102 and 104 transmit electrical signal
from the generator 30 to electrodes 96 and 98.

As shown in FIG. 1, the piezoelectric elements 100 are held in
compression between the first and second resonators 92 and 94 by a bolt 106.
The bolt 106 preferably has a head, a shank, and a threaded distal end. The
bolt 106 is inserted from the proximal end of the first resonator 92 through
the bores of the first resonator 92, the electrodes 96 and 98, and piezoelectric
elements 100. The threaded distal end of the bolt 106 is screwed into a
threaded bore in the proximal end of second resonator 94.

The piezoelectric elements 100 are energized in response to the
electﬁcal signal supplied from the generator 30 to produce an acoustic

standing wave in the acoustic assembly 80. The electrical signal causes




WO 98/37821 ' PCT/US98/03052

10

15

20

25

30

- 10 -

disturbances in the piezoelectric elements 100 in the form of repeated small
displacements resulting in large compression forces within the material. The
repeated small displacements cause the piezoelectric elements 100 to expand
and contract in a continuous manner along the axis of the voltage gradient,
producing high frequency longitudinal waves of ultrasonic energy. The
ultrasonic energy is transmitted through the acoustic assembly 80 to the end
effector 88.

The mounting device 84 of the acoustic assembly 80 has a
proximal end, a distal end, and may have a length substantially equal to an
integral number of one-half system wavelengths. The proximal end of the
mounting device 84 is preferably axially aligned and coupled to the distal end
of the second resonator 94 by an internal threaded connection near an anti-
node. (For purposes of this disclosure, the term "near" is defined as "exactly
at" or "in close proximity to".) It is contemplated that the mounting device
84 may be attached to the second resonator 94 by any suitable means, and
that the second resonator 94 and mounting device 84 may be formed as a
single or unitary component.

The mounting device 84 is connected or mounted to the housing
52 of the handpiece assembly 50 near a node. The mounting device 84 may
include an integral ring 108 disposed around its periphery. The integral ring
108 is preferably disposed in an annular groove 110 formed in the housing 52
of the handpiece assembly 50 to mount the mounting device 84 to the housing
58. A compliant member or material 112, such as a pair of silicone O-rings
attached by stand-offs, may be placed between the annular groove 110 of the
housing 52 and the integral ring 108 of the mounting device 84 to reduce or
prevent ultrasonic vibration from being transmitted from the mounting device
84 to the housing 52.

The mounting device 84 may be secured in a predetermined
axial position by a plurality of pins 114, preferably four. The pins 114 are

disposed in a longitudinal direction 90 degrees apart from each other around
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the outer periphery of the mounting device 84. The pins 114 are coupled to
the housing 52 of the handpiece assembly 50 and are disposed through

notches in the integral ring 108 of the mounting device 84. The pins 114 are |
preferably fabricated from stainless steel.

The mounting device 84 is preferably configured to amplify the
ultrasonic vibration amplitude that is transmitted through the acoustic
assembly 80 to the distal end of the end effector 88. In one preferred
embodiment, the mounting device 84 comprises a solid, tapered horn. As
ultrasonic energy is transmitted through the mounting device 84, the velocity
of the acoustic wave transmitted through the mounting device 84 is amplified.
It is contemplated that the mounting device 84 may be any suitable shape,
such as a stepped horn, a conical horn, an exponential horn, or the like.

The distal end of the mounting device 84 is coupled to the
proximal end of the transmission rod 86. Itis contemplated that the
transmission rod 86 be attached to the mounting device 84 by any suitable
means, such as, for example, an internal threaded connection. The mounting
device 84 is preferably coupled to the transmission rod 86 near an antinode.

The transmission rod 86 may, for example, have a length
substantially equal to an integer number of one-half system wavelengths
(nN\/2). The transmission rod 86 may be preferably fabricated from a solid
core shaft constructed out of material which propagates ultrasonic energy
efficiently, such as titanium alloy (i.e., Ti-6Al-4V) or an aluminum alloy. It
is contemplated that the transmission rod 86 may be fabricated from any
suitable material. The transmission rod 86 may also amplify the mechanical
vibrations transmitted through the transmission rod 86 to the end effector 88
as is well known in the art.

As illustrated in FIG. 1, the transmission rod 86 includes
stabilizing silicone rings or compliant supports 116 positioned at a plurality of
nodes. The silicone rings 116 dampen undesirable vibration and isolate the

ultrasonic energy from a removable sheath 120 assuring the flow of
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ultrasonic energy in a longitudinal direction to the distal end of the end
effector 88 with maximum efficiency.

The removable sheath 120 is coupled to the distal end 56 of the
handpiece assembly 50. The sheath 120 generally includes an adapter or
nose cone 122 and an elongated tubular member 124. The elongated tubular
member 124 extends from the adapter 122 and has an opening extending
longitudinally therethrough. The sheath 120 may be threaded or snapped
onto the distal end of the housing 52. The transmission rod 86 of the
acoustic assembly 80 extends through the opening of the tubular member 124
and, the silicone rings 116 isolate the transmission rod 86 from the tubular
member 124.

The adapter 122 of the sheath 120 is preferably constructed
from Ultem®, and the tubular member 124 is fabricated from stainless steel.
Alternatively, the transmission rod 86 may have polymeric material that
surrounds the transmission rod 86 to isolate it from outside contact.

The distal end of the transmission rod 86 may be coupled to the
proximal end of the end effector 88 by an internal threaded connection,
preferably at or near an antinode. It is contemplated that the end effector 88
may be attached to the transmission rod 86 by any suitable means, such as a
welded joint or the like. Although the end effector 88 may be detachable
from the transmission rod 86, it is also contemplated that the end effector 88
and transmission rod 86 may be formed as a single unit.

The end effector 88 may have a distal region 88b having a
smaller cross-section area than a proximal region 88a thereof, thereby
forming a vibrational amplitude step-up junction. The step-up junction acts
as velocity transformer as known in the art, increasing the magnitude of the
ultrasonic vibration transmitted from the proximal region 88a to the distal
region 88b of the end effector 88. |

The end effector 88 preferably has a length substantially equal

to an integral multiple of one-half system wavelengths (n\/2). The end
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effector 88 is disposed at an antinode in order to produce the maximum
longitudinal deflection of the distal end. When the transducer assembly 82 is
energized, the distal end of the end effector 88 is configured to move
longitudinally in the range of, for example, approximately 10 to 500 microns
peak-to-peak, and preferably in the range of about 30 to 100 microns at a
predetermined vibrational frequency, and most preferably at about 90
microns.

The end effector 88 is preferably made from a solid core shaft
éonschted of material which propagates ultrasonic energy, such as a
titanium alloy (i.e., Ti-6Al-4V) or an aluminum alloy. It will be recognized
that the end effector 88 may be fabricated from other suitable materials. It is
also contemplated that the end effector 88 may have a surface treatment to
improve the delivery of energy and desired tissue effect. For example, the
end effector 88 may be micro-finished, coated, plated, etched, grit-blasted,
roughened or scored to enhance coagulation in tissue. Additionally, the end
effector 88 may be sharpened or shaped to enhance its energy transmission
characteristics. For example, the end effector 88 may be blade shaped, hook
shaped, or ball shaped.

Referring now to FIGS. 2, 3, and 3a, diagrammatic views of
the interlock 130 of the surgical system 10 are illustrated. The interlock 130
is preferably positioned near the proximal end of the transmission member
86. It is contemplated that the interlock 130 may be positioned at any
suitable position along the acoustic assembly 80. For example and without
limitation, the interlock 130 may be positioned to contact the transducer
assembly 82, the mounting device 84, or the end effector 88. It will also be
recognized that a plurality of interlocks may be positioned along the acoustic
assembly.

The interlock 130 of the surgical system 10 may be coupled to
or incorporated into the handpiece assembly or the removable sheath as

would be recognized by those skilled in the art. As shown in FIGS. 2, 3 and
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3a, the interlock 130 includes a housing 132 and braking members 134a and
134b. The braking member 134a and 134b are preferably mounted on
opposing sides of the transmission rod 86. It will be recognized that the
interlock 130 may have any suitable number of braking members 134a and
134b, (i.e. 1 to 6) and may be mounted in any suitable arrangement to
engage the transmission rod 86.

The interlock 130 may be moved manually or automatically.
For example, the interlock 130 may be forced against the acoustical assembly
when a user manually depresses the braking members 134a and 134b to
dampen, reduce and/or arrest ultrasonic energy. Alternatively, the interlock
130 may be activated to dampen, reduce and/or arrest the ultrasonic energy
when the end effector 88 has penetrated a desired tissue of a patient (i.e., a
patient abdominal wall or the inner wall of a heart).

A detection device may be utilized to determine when to cease
the motion of the end effector 88. The detection mechanism may be used to
sense when the end effector 88 has penetrated the tissue at which point the
interlock 130 may be activated to dampen the ultrasonic energy delivered to
the end effector 88. The detection mechanism may include a mechanical load
change sensor that detects when the end effector 88 has adequate tissue
penetration and mechanically triggers the activation of the braking members
134a and 134b. It is contemplated that the interlock 130 may be activated
when an impedance level corresponding to adequate penetration is sensed or
detected. For example, U.S. Patent No. 5,449,370 discloses a feedback
mechanism that senses variation in the load or impedance of the end effector.
It will be recognized that the interlock 130 may also be triggered when a user
depresses a button or switch incorporated into the generator, handpiece
assembly or the removable sheath, or the interlock 130 may be activated to
actuate the assembly by any suitable means, such as, for example, a

mechanical trigger.
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The braking members 134a and 134b of the interlock 130
preferably include resilient members 136a and 136b and brake pads 138a and
138b. The brake pads 138a and 138b are preferably of a rectangular
configuration. It is also contemplated that the brake pads 138a and 138b may
be any shape or size. The brake pads 138a and 138b may comprises a single
pad or may comprises a plurality of pads.

The braking pads 138a and 138b preferably have a high
operating temperature and are constructed so that they will not scratch or
gouge the transmission rod 86. The braking pads 138a and 138b may be
manufactured from polytetra fluoroethylene (PTFE/TFE) or fluorinated
ethylene-propylene (FEP). It will be recognized that the braking pad 138a
and 138b may be any suitable material known in the art.

The braking pads 138a and 138b each preferably include a front
surface 135a and 135b, respectively, that conforms to the periphery of the
transmission rod 86. As shown in FIG. 3a, the front surfaces 135a and 135b
each have a concave surface or groove 139a and 139b, respectively, to
engage the transmission rod 86. It is contemplated that the front surface of
the braking members 134a and 134b may have any desirable configuration
and may be substantially flat. It is also contemplated that the braking pads
138a and 138b may be carried by backing plates that hold the braking pads.

The resilient members 136a and 136b are attached to the rear
of the braking pads 138a and 138b. The resilient members 136a and 136b
bias the braking pads 138a and 138b towards the transmission rod 86.
Preferably, the resilient members 136a and 136b comprise springs. It is also
contemplated that the resilient members 136a and 136b may comprise any
suitable mechanism to bias the braking pads 138a and 138b, such as, for
example, a solenoid, a pneumatic piston, etc.

The braking pads 138a and 138b of the interlock 130 can be
adapted to engage the periphery of the acoustic assembly at a suitable point

or location to dampen, reduce or arrest the ultrasonic vibration of the
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transmission rod and/or end effector. The braking pads 138a and 138b are
preferably applied to the acoustic assembly in the vicinity of an antinode.

In use, the braking members 134a and 134b of the interlock
130 are in a retracted or disengaged position as shown in FIG. 2. In this
position, the braking pads 138a and 138b are held at a predetermined distance
away from the transmission rod 86. When the ultrasonic vibration of the
transmission rod is desired to be dampened or stopped, the braking members
134a and 134b are pushed against the transmission rod as shown in FIG. 3.
When the brake pads 138a and 138b of the brake members 134a and 134b
are depressed against the transmission rod, the impedance of the ultrasonic
transmission rod is sufficiently increased so that the generator 30 can no
longer lock onto a resonant frequency of the transmission rod and produce an
adequate drive signal. As a result, the motion of the transmission rod stops
and the generator reports a continuous tone.

Referring now to FIG. 4, an exemplary ultrasonic trocar
assembly 200 is illustrated. It will be understood that the ultrasonic trocar
assembly 200 can be configured, in many respects, in accordance with
surgical system 10 as described above. Thus, for purposes of the present
disclosure, the trocar assembly 200 is configured in accordance with the
surgical system 10, as described above, except as otherwise note. The
ultrasonic trocar assembly 200 differs from the surgical system 10 illustrated
in FIG. 1 in that the trocar assembly 200 includes an ultrasonic obturator
useable in conjunction with a tubular trocar cannula. U.S. Patent No.
5,449,370, hereby incorporated by reference, discloses an ultrasonic trocar
assembly including an ultrasonic obturator configured to effect ultrasonic
penetration of the wall of a body cavity for subsequent introduction of a
tubular cannula of the trocar assembly.

As shown in FIG. 4, the trocar assembly 200 includes an
acoustic assembly configured as an obturator 180, which in many respects

corresponds in construction and function to the previously described acoustic
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assembly of surgical system 10. Components of the trocar assembly 200
which generally correspond to those components of surgical system 10 are
designated by like reference numerals in the one-hundred and two-hundred
series.

The obturator 180 of the trocar assembly 200 includes a
housing 152 having positioned therein a transducer assembly 182 configured
in accordance with previously-described transducer assembly 82. To
facilitate manipulation of the obturator 180, a handgrip 153 is preferably
provided which is joined to the housing 152 of the trocar assembly. A pair
of manually operable locking clips 155 are preferably provided on the upper
portion of the handgrip 153 for cooperative releasable and locking
engagement with a proximal housing 157 of the trocar cannula 159 of the
trocar assembly. The trocar cannula 159, including a tubular cannula 161, is
positionable in releasable locking engagement with the obturator 180 of the
assembly, with the obturator 180 arranged in generally telescopic relationship
coaxially within the tubular cannula 161.

As noted, the obturator 180 is configured generally in
accordance with the previously described acoustic assembly 80 of surgical
system 10. To this end, the obturator 180 includes a generally elongated
transmission rod or waveguide 186 having a distal end effector portion 188.
The end effector 188 can be unitary (i.e., one-piece) with the remaining
length of the waveguide, or the end effector can be a separate component
joined to the elongated waveguide, such as, for example, by a threaded
connection or the like. The waveguide 186 is operatively coupled to the
transducer assembly 182 by a suitable mounting element 184, whereby
ultrasonic energy is transmitted through the waveguide from the transducer
assembly.

In the preferred form, elongated waveguide 186 is housed
within a generally tubular sheath-like non-vibratory housing positioned

generally coaxially about the waveguide 186. In the illustrated embodiment,
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this preferred arrangement is provided in the form of a plurality of tubular
sheath members 220 which carry therein a plurality of compliant isolation
supports 216 which function to desirably isolate the tubular sheath members
from the ultrasonic energy carried by waveguide 186. The supports 216 thus
function in the nature of the supports 116 of the acoustic assembly 80 of
previously-described surgical system 10. Tubular members 220 may be
assembled by snap-fitment, threaded connection, or other suitable means.

In the illustrated embodiment of the trocar assembly, assembly
of the outer sheath-like housing of the distal end portion of the obturator 180
is facilitated by the provision of a pair of sheath portions 221 which fit in
cooperating relationship with a coupling member 213. The coupling member
213 may comprise a slit sleeve which cooperatively receives the sheath
portions 221, while permitting the distal-most sheath portion 221 to be
removed from the coupling member 213, as may be required.

The outer tubular housing of the obturator 180 further includes
an interface body 217 which is operatively connected with the distal-most
sheath portion 221, again with an isolation support 216 preferably provided
for isolating the interface body 217 from the vibratory energy of the
internally-positioned waveguide 186.

In use, the ultrasonic obturator 180 of the assembly is
positioned telescopically within the tubular cannula 161 of the trocar cannula
159. Locking clips 155 are preferably engaged with the proximal housing
157 of the trocar cannula 159, thus permitting the entire instrument to be
readily manipulated as a unit by handgrip 153. With the obturator positioned
within the cannula, the free end of the obturator, including end effector 188,
projects from the distal end portion of the tubular cannula 161.

Referring now to FIGS. 5, 6, 7, 8, and 8a, diagrammatical
views of an interlock 300 configured to be used with the troéar assembly 200
of FIG. 4 are illustrate<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>